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N former times when science, like coaches,
travelled at a leisurely pace, it was not
difficult to keep up with it, or at least, to be left
at no very great distance behind : its practical
results were taught by fathers to their sons, and
a new edition of an encyclopzdia published once
in about fifty years, sufficed for all common

demands. :d the face
of things: childhood
avails not liscoveries
and fresh lem occur
every day, new ency-
clopedia. 3 is, that

seeing science flying onward at railroad speed,
men despair of even keeping it in sight, and
renounce the chase as hopeless ; and thus there
is danger that the mass of mankind may become
more ignorant, in proportion as the few grow
wiser.

But however impossible it may be for those
involved in the daily business of their respective

B
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callings, to follow up the smaller details of
natural science, there are always a few great
principles from which all the rest must spring ;
and the very nature of truth is, that it is simple
and easy of comprehension. To acquire these,
therefore, requires no long time or great stretch
of application ; yet these being once fixed in the
mind, the foundation is laid, and we can build
as much upon it afterwards as we please.

It is the object of the present little work to
give a few of the great principles which a very
interesting portion of modern science is grounded
upon ; and by omitting technical details, to make
it available to the unscientific reader. There is
much in Prof. Liebig's views of organic che-
mistry which may enable the gardener and the
farmer to work on a more rational plan ; much
which may tend to the preservation of health by
showing the relation of diet and air to the well-
being of the body, and, in consequence, to that
of the mind; for, as was well observed by an
excellent man now deceased, “ If the body have
not a due share of attention, it will make the
soul pay dear for its lodging.”—In this little
treatise, therefore, as much as may serve these
purposes is brought forward in as simple a form
as the nature of the subject will allow. The
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compiler has sought no scientific fame ; his only
wish has been to afford some useful knowledge -
to such of his countrymen as have not the means
of seeking it in a more elaborate form ; and if
he should thus be able in some cases to give his
readers a more enlarged view of what, as a
whole, is called nature, i. e. the aggregate of the
forces and their results, by virtue of which the
visible world has become what it is:—if by a
clearer view of these he should enable him also
to arrive at a clearer view of the Supreme Mind
which impressed its own stamp on the whole:—
if in addition to this he should have given the
busy man assistance in his honest calling, or
aided him in preserving health to pursue it, he
has gained his object, and seeks no other reward
than the consciousness of having endeavoured
to be useful in his generation. Many years
probably will not elapse ere he will have to give
an account of the talent entrusted to him; but
he knows that the Master he has served is wont
to look rather at the motive of his servants, than
at the imperfect execution of their purpose :—
to that generous Master he dedicates his small
work.






INTRODUCTION.

1.

HE material substances which compose
the earth, its atmosphere, and its inhabi-
tants, are continually changing their forms and
combinations, though remaining the same in
quantity ; for, as far as we can tell, no atom of
the material universe is ever lost, through all its
multiplied transformations. The science which
takes cognizance of the laws by which such

changes are wrought is called Chemistry.

2. The substances thus wrought upon are
either inorganized,—as stones, earths, &c.;
which are without any internal mechanism for
effecting such changes; or organized,—as
plants, animals, &c. which are possessed of a
systematic mechanism for attracting and assimi-
lating other substances, and effecting constant
change in their own constituent parts.

3. All substances, whether organized or inor-
ganized are resolvable into certain elements ;—
that is, substances which as far as we know at
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present, contain only one kind of matter. These
are supposed to be about fifty-five,* of which
four chiefly contribute to the formation of or-
ganized matter, though about eight more enter
into it in small proportions.

4. All material substances are conjectured to
be composed of indefinitely small atoms which
are capable of being more or less separated
under different circumstances ; and thus all are
considered as susceptible of three forms—i. e.
golid, in which they are so closely pressed toge-
ther as to resist our touch:—liquid, in which
being less compact, they yield to it :—aeriform,
in which they are so widely separated as nearly
to elude it. Thus, most metals, at a sufficiently
high temperature, first become fluid, and at an
increased degree of heat pass off in vapour.

5. All elementary substances combine in defi-
nite proportions; as 1 to 1,—1 to 2,—1 to 3,

* These consist of the metals, in number about forty-
three, and twelve other substances more difficult to
characterize. i.e. 1. Oxygen. 2. Chlorine. 3. Iodine,
4. Bromine. 5. Fluorine. 6. Hydrogen. 7. Nitrogen ?
8. Sulphur. 9. Selenium. 10. Phosphorus. 11. Car-
bon. 12. Boron. Brande’s Man. of Chem. p. 350, 5th
ed. Silicon, or the basis of flints, is by some reckoned
as a metal, by others as one of the substances allied to
Boron, &c.
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&c.* If, on mixing two substances, there be
more than enough for one proportion and not
enough for the next, the surplus remains uncom-
bined.

6. All elementary substances have a certain
disposition to unite with other substances, which
is called chemical affinity : and when to two
substances already in combination, a third is pre-

® In the course of this work the definite quantity of
any substance capable of uniting with another substance,
will be termed a proportional or equivalent part, what-
ever its bulk or weight may be. The proportion of hy-
drogen which unites with oxygen to form water is gene-
rally assumed as the unit, hydrogen being the lightest
known substance ; and the following diagram may then
be considered as representing the relative bulk and
weight of one proportional part of hydrogen and one of
oxygen,

Hydrogen.| Oxygen.
8.

1.

i. e. the same bulk of oxygen would weigh 16 times as
much as hydrogen does. Thus half the bulk and eight
times the weight, forms the definite proportion in which
oxygen unites with hydrogen in the formation of water.
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sented for which either of the first has a greater
attraction, it quits its former companion and
passes into combination with the new one, leaving
the first free.* The combinations thus formed,
whilst their union remains unbroken, may be .
considered as compound atoms, which are capa-
ble of entering into other combinations. As,
for instance, an acid which is a compound of
two elements, has a strong affinity for an alkaline
base, which is also a compound of two elements.
Their combination forms a third substance, un-
like either ; yet from it the original compounds
may be recovered. In some cases these original
compounds are decomposed with great difficulty.
7. Chemical combinations as well as their de-
composition are mainly effected through the in-
fluence of an agent whose mode of action is as
yet in some degree unknown. We call it
electricity. If a glass tube, or a piece of sealing
wax be rubbed, the first with a warm dry silk
handkerchief, or the second with a warm dry
flannel, they will be found, whilst thus excited,
to possess the power of attracting light bodies,
such as feathers, &c. ; but as soon as the feather

# This action was formerly called, after Bergman,
elective affinity.
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has been in contact with the glass or the sealing
wax, if again brought near, it will be steadily
repelled; for the excited body has communi-
cated its excitement to the feather, and it is a
law of electricity that bodies similarly excited
repel each other. The electricity of glass when
rubbed is positive,* and the feather by contact
has become positively electrified. It will now
be attracted by the sealing wax in which the
rubbing has excited negative electricity: for
bodies differently electrified attract each other ;
and in like manner a feather which, by contact
with the sealing wax, has acquired negative
electricity, will now fly from the body which
first excited it, and be attracted by the different
electricity of the glass. If, after having tried
this experiment, the feather be brought near
either the silk or flannel rubber, it will be found
to approach the silk, if it flies from the glass;
and the flannel, if it flies from the sealing wax,
and vice versa; thus showing that in case of
Sriction, the rubber and the substance rubbed
will be differently electrified. 1f the above

* This was at first called vitreous, and the negative
state excited in sealing wax by friction resinous elec-
tricity.
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experiment be made in the dark, a pale light or
sparks will be seen to issue from the excited
substances with a slight crackling noise. Upon
a larger scale the same agency produces light-
ning, which is but a large electric spark passing
from one excited body to another dissimilarly
excited. The mode in which clouds, electrically
excited, astract or repel each other in spite of
wind, is to be explained by the first mentioned
laws of electricity.

8. If two metals, platinum and zinc, for in-
stance,—be placed together alternately, so that
at one side the platinum, at the other the zinc
be outermost; and a wire be attached to each
of the outside plates,—as soon as the whole is
brought into activity by some fluid which acts
chemically on either of the metals, and at the
same time connects them, the wire attached to
the corroded metal, which in this case will be
the zinc, will be found positively, whilst that at-
tached to the uncorroded, which will here be the
platinum, will be found negatively electrified.
Whilst the wires remain in contact a silent elec-
tric action is kept up in the circuit thus formed,
which somewhat raises the temperature of the
battery, as this system of plates is called, but is
not otherwise perceptible ; but if the circuit be
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broken by removing the wires to a small distance
from each other, then the action already going
on in the wire communicates itself to the inter-
vening particles of air, and light and heat are
evolved so intense, if the battery be a powerful
one, as to equal the sun in brilliance, and fuse
the most refractory metals.*

" * Astheresearches of Professor Faraday have thrown
much new light on the subject of electricity, it may be
useful here to explain the terms which he has adopted
in his writings on the subject. Considering electricity as
a force acting along a series of contiguous particles in
one or another direction, he terms the respective ends of
the wires electr-odes from 60o¢ a road or way. Then
hypothetically assuming electricity to be a movement
due to the contrary movement of the earth, he considers
this movement to be communicated in the same course
with that apparently followed by the sun ; and from ave
up, i. e. the sun’s rising, and xarw down, i. e. the sun’s
setting, he forms an-ode and cath or rather kath-ode, to
express the respective parts of the dielectric ; i. e. the
substance acted upon by electricity : the anode being the
part at which electricity may be said to enter the dielec-
tric, the kathode that at which it leaves it. The anode
therefore is that part of the dielectric which is nearest
the zinc or positive wire, and therefore according to the
law of electricity it will itself be negative; while the
kathode, being nearest the platinum or negative wire,
will be positive, and transmit the action. Bodies capa-
ble of decomposition by electric action, he terms electro-
lytes, from Avw dissolve; and the component parts of
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9. If, when a galvanicbattery 1 is thus excited,
the two electrode wires be plunged into water,
bubbles will be seen to arise : if then glass vessels
capable of receiving the gas thus disengaged be
placed over the wires, it will be found that oxy-
gen gas has passed off from the positive, and
hydrogen from the negative wire: the water
gradually diminishes, and the whole is at last
decomposed into its elements ; the oxygen occu-
pying exactly half the space occupied by the
hydrogen and weighing eight times as much. In
this manner all substances composed of only

F1

these bodies'he terms ions, from tov a thing that goes, and
as there are certain classes of substances which show
themselves at the anode, and others at the kathode, he
terms these an-ions or kat-ions according to their natural
tendency. Thus water, being decomposed by electric
action, the oxygen will show itself at the zinc wire : the
water surrounding that wire is the anode of the dielec-
tric, therefore oxygen is an an-ion, and in its nature
negative: the hydrogen is evolved at the platinum or
negative wire : the water around that is the kathode ;
and hydrogen is accordingly by nature a kat-ion. Oxy-
gen, chlorine, acids, &c. are anions; combustible bodies,
most metals, alkalies, and bases are generally kat-ions.

t This arrangement of electric force is sometimes
called a galvanic battery, sometimes a voltaic pile; from
the names of the discoverers of this form of electricity,—
Galvani and Volta.
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two elemental parts, seem capable of separation
by electric action* as long as they are in a fluid
state. Chloride of silver for instance when fused
will evolve chlorine at the positive wire and

* Inexplanation of thisfact Professor Faraday proposes
a theory so consonant with all the phenomena, and so
simple at the same time, that it is impossible not to re-
ceive it as the truth: for it has the stamp of every true
law of nature, power and simplicity. * Electro-chemical
decomposition”” he says, ¢ appears to me to he produced
by an internal corpuscular action,” as thus:

g1 @ 8 5 o@

¥ & B
Fg2. e 0 o Of®
*¢ The effect,” he says, *is considered as essentially de-
pendent upon the mutual chemical affinity of the particles
of opposite kinds. Particles a a fig. 1. could not be
transferred or travel from one pole N towards the other
P unless they found particles of the opposite kind b b
ready to pass in the contrary direction: for it is by vir-
tue of theirincreased affinity for those particles, combined
with their diminished affinity for such as are behind
them in their course, that they are urged forward: and
when any one particle a fig. 2. arrives at the pole, it is
excluded or set free, because the particle b of the oppo-
site kind, with which it was the moment before in com-
bination, has, under the superinducing influence of the
current, a greater attraction for the particle a’ which is
before it in its course, than for the particle a towards
which its affinity has been weakened.”—In proof of this
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brilliant metallic silver at the negative.} Com-
pounds of a more complex nature sometimes
resist voltaic action and sometimes are decom-
posed by a secondary action arising from the
affinity of some of the parts for the fluid or the
metals of the battery.

10. The source of voltaic electricity is the
chemical action of the oxygen of the connecting
fluid on the metal which by its position is posi-
tive. Thus much is proved :. but Aow the che-
mical, or electrical force which appears to be
almost identical with it, acts on or by the particles
of matter, remains still a subject for farther in-
vestigation; for though natural organs, as in
the gymnotus and the torpedo, magnetic force,
electricity produced by friction on a glass cylin-
der, and lightning, are all identical with voltaic
electrjcity in their effects, their causes remain as
yet-more obscure. The magnetic power com-
municated to a piece of common soft iron by a

may be given the fact that many substances which either
do not conduct electricity at all, or very feebly, in a solid
state, conduct freely, and genetally with a decomposition
of the constituent parts, when made liquid. Faraday’s
Experimental Researchesin Electricity, 4th and 5th series,
See also Davy’s Elements of Chem. Phil. p, 487,

t Faraday’s Researches, 8th series,
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helix, i. e. a spiral coil of copper wire wound
round it, as long as this wire forms part of a
voltaic circuit,—seems to indicate some natural
polarity in the particles of matter which shows
itgelf as soon as some.moving cause has placed
them in the reqdisite position ; for the magnetism
ceases as soon as the circuit is broken by dis-
connecting either end of the wire from the bat-
tery :—but as this is no place for hypothesis, the
reader must seek for information on this head
elsewhere.

11. The elementary substances which form
the chief ultimate constituents of organic matter,
are, Carbon, Hydrogen, Nitrogen,* or as it is
sometimes called, Azote, and Oxygen: besides
these, small portions of Sulphur, Phosphorus,
Chlorine, Iodine, and a few of the metals enter
occasionally into organic compounds. Ofghese,
Oxygen, Chlorine, Iodine, Sulphur, Phosphorus,
Nitrogen, and Carbon belong to the class of

* The experiments of Mr. Knox,t if confirmed by fur-
ther examination, will remove nitrogen from the class of
elementary substances. Sir H. Davy suspected that it
had a metallic base from the property which ammonia
(a compound of nitrogen and hydrogen) possesses of

+ Transactions of the Royal Irish Acadcmy, for 1841.
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An-ionst—the metals belong chiefly to that of
Kat-ions, as does Hydrogen, if we may judge
from the place it takes when water is decom-
posed. :

12. Oxygen is the most generally diffused of
all these elements, and performs the most im-
portant part in nature: for besides constituting
a large part of the atmosphere which surrounds
the earth, it enters into the composition of
almost all the minerals found on its surface :—
in silica, which is a component part of a vast
many of them, it forms half the weight of that
earth. In an isolated state it is a gaseous body
without taste or smell; in combination, if in large
quantity, it produces an acid; thus sulphuric
and nitric acids are formed by the union of a
large proportion of oxygen with sulphur or with
nitrogen. In a less proportion it forms non-
acid compounds, termed oxides. One of these
we are familiar with in the shape of rust or

forming an amalgam with mercury when submitted to
voltaic action in contact with that metal, and from find-
ing occasionally on decomposition more hydrogen than
enters into the composition of ammonia. Mr. Knox has
decomposed nitrogen into silicon and hydrogen. Silicon
probably, though never yet reduced, is a metallic oxide.

t Thomson on Heat and Electricity, p. 438, 2nd Edit.
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oxide of iron, which is formed by the action of
the oxygen of the air or the water on the metal.
The earths are chiefly oxides of metals, It com-
bines rapidly with carbon, giving out heat.

13. Hydrogen has a strong affinity for oxy-
gen, with which it unites to form water. The
whole process of decay depends on this affinity,
as well as many of the processes for the nutri-
tion of plants. Hydrogen, when in the state of
gas, is very combustible, and is the lightest body
known, but it is never found in an isolated con-
dition.

14. Nitrogen is very indifferent to other sub-
stances, and apparently reluctant to enter into
combination with them. When forced by cir-
cumstances to do so, it seems only to remain
combined by a sort of indolence of nature,* and
is easily separated again. Thus in plangs and
other organized bodies, the moment that it is
released from the control of the vital power, it

* If, as before noticed, nitrogen be a compound, this
peculiarity is explained ; for all bodies formed of com-
pound atoms are more easily decomposed than those
which are more simple in their formation. In this case
silicon being an an-ion, and hydrogen a kat-ion, its in-
difference to other substances is not wonderful.

C
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assists decay by escaping from the compounds
of which it formed a constituent part.

15. Carbon has a very considerable range of
affinity. It unites with oxygen in two definite
proportions, and thus forms two different gaseous
compounds, i.e. carbonic acid, and carbonic
oxide. The first of these is emitted in immense
quantities from many volcanoes and mineral
springs, and is produced by the combustion and
decay of organized matter. In absolute purity
carbon counstitutes the diamond : it is more com-
monly seen mixed with other substances in the
form of charcoal, as well as in the mineral
called plumbago or black lead, of which, in the
purest specimens, it forms nine tenths.

16. Chlorine at all common temperatures
and pressures is a gaseous fluid. It is reckoned
.as yet among simple substances, and is found in
combination with soda in common salt. It com-
bines with oxygen and forms acids.* Iodine is
a soft friable substance, which evaporates easily.
1t is obtained from sea weed and sponge, and in
small quantities from sea water. Like chlorine
it unites both with oxygen and hydrogen, and
forms acids. Phosphorus is found chiefly in

* It unites with hydrogen to form muriatic acid.
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organized bodies: it inflames readily, unites
with oxygen and forms acids; and is found in
nature combined with lime or with magnesia.
For chemical purposes it is obtained from cal-
cined bones. Sulphur is well known. The
metals or rather their oxides, combine with acids
and form salts.

17. «“The substances which constitute the
principal mass of every vegetable are compounds
of carbon, with oxygen and hydrogen in the
proper relative proportions for forming water.
Woody fibre, starch, sugar, and gum, for exam-
ple, are such compounds of carbon with the
elements of water.”* In other substances the
oxygen is in excess, and to this class belong the
chief of the organic acids found in plants. In
others the hydrogen is in excess; such are the
volatile and fixed oils, and the resins.

18. The juices of all vegetables contain or-
ganic acids, generally combined with inorganic
basest or metallic oxides. All acids, whether
organic or inorganic, have a tendency to unite
with alkaline bases, and thus form neutral saline

* Liebig Agric. Chem. p. 6.
t Thus called because when combined with acids they
form the base of a new substance. ’
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compounds. These combinations, whatever be
the base, are always effected in definite propor-
tions: that is, one equivalent of an acid always
unites with one or more equivalents of a base.
Thus one proportion of potash unites with one
proportion of sulphuric acid, and forms sulphate
of potash; or with two proportions of the same
acid, and forms bisulphate of potash : the potash
itself being a metallic oxide :—(of potassium.)

19. “ Nitrogen is an element of vegetable
albumen and gluten: it is a constituent both of
the acid and what are termed the indifferent
substances of plants, as well as of those peculiar
vegetable compounds which possess the proper-
ties of metallic oxides and are known as organic
bases.” Estimated by its proportional weight
nitrogen forms only a very small part of plants ;
but it is never entirely absent from any part of
them. In animal bodies it is found in much
larger proportion.

20. The ordinary constituents of atmospheric
air may be considered to be:—

by measure. by weight.

Nitrogen 7.5 75.55
Oxygen 21 23.32
Aqueous vapour  1.42 1.03

Carbonic acid 0.08 0.10
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Extraneous matters, however, occasionally find
their way into the atmosphere : in London traces
of sulphurous and sulphuric acid are observable,
and also of sulphate of ammonia;* and, during
a storm, nitric acid may be formed from the
combination of the oxygen and nitrogen of the
air effected by electric action. Near the sea
traces of salt may be found in it, which some-
times is deposited on the leaves of vegetables.
Generally speaking, however, the above propor-
tions remain unaltered, except in confined situa-
tions, notwithstanding that the innumerable
animals which respire atmospheric air return a -
volume of carbonic acid equal to that of the
oxygen in the air absorbed ; the nitrogen being
expired at the same time unaltered :—notwith-
standing, too, that carbonic acid is one of the
ultimate produets of animal and vegetable decay ;
and that immense quantities of this gas are
emitted from the depths of the earth in volcanic
districts.—Whence comes the oxygen which
maintains a constant proportion in the air? and
how is this abundance of carbonic acid disposed
of ?—In order to answer these questions the
already noticed constituent parts of plants should

* Brande’s Man. of Chem. 5th Ed. p. 452,



22 INTRODUCTION.

be taken into consideration. They are found
by experiment to evolve a much larger quantity
of oxygen during the day, than at any time
enters into their constituent parts; it is there-
fore clear that this substance must be derived
from some other source. The elements of vege-
table matter are mainly carbon with hydrogen
and oxygen in the proportions which form water:
and the nourishment of plants must be drawn
from the atmosphere through the leaves, or from
the soil through the roots. The quantity of
vegetable matter produced on 26,910 square
feet of forest, meadow, or arable land, yields
from 1109 to 1124 Ibs. of carbon:* a quantity
8o large that were it taken annually from the
soil, and, as is usually the case, only a small
part of it returned in manure, the proportion of
this element would be sensibly decreased in the
course of culture: but chemical analysis has
proved the reverse of this to be the fact. It
remains clear then that the larger part of the
carbon found in plants does not come from the

* Liebig Ag. Chem. p. 19. Sir Humphry Davy en-
tertained the same opinion as to the function of plants
in balancing the state of the atmosphere. V. El of
Chem. Phil. p. 234,
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soil,—and if the researches of Liebig are not
altogether fallacious, we must look for the
source of it in the atmosphere, where it exists
in the shape of carbonic acid. Now carbonic
acid contains one proportional part of carbon
and two of oxygen: hence, in the process of
assimilating the carbon for the growth of the
plant, two proportionals of oxygen are constantly
liberated. Furthermore, the elements of water
are, one proportional of hydrogen and one of
oxygen, and as hydrogen no where exists in a
separate state, those plants which possess an
excess of this element must have derived it from
the decomposition of water, and they will thus
have liberated a farther portion of oxygen.
Growing plants, therefore, are the constant puri-
fiers of the air, which they render fit for respira-
tion by absorbing the carbonic acid gas which it
is charged with, and restoring its oxygen disen-
gaged from carbon, which latter substance is
retained and assimilated for the nourishment
and growth of the plant.

21. One interesting observation here presents
itself and deserves to be noted. It is a matter
of certainty that when Moses was recording the
order of creation, the only writer, be it observed,
whose cosmogony presents this order :—he must
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have been entirely ignorant of the sciences
which now enable usto trace it with some degree
of confidence. Let us consider the apparent
course of creation as these sciences,—chemistry
and geology—present it. From the seething
matter of volcanoes, carbonie acid, combinations
of ammonia in a gaseous form, chiefly carbonate
of ammonia, and aqueous vapour are evolved, *
i. e. gases composed respectively of carbon and
oxygen, and hydrogen and nitrogen, or a com-
bination of both,{ but none of them capable of
‘maintaining animal life; and steam, which is a
compound of oxygen and hydrogen. Plants
sprout from the earth, and find nourishment for
.the most luxuriant growth in the gaseous pro-
ducts of the heated mass. The remains of
enormous ferns found among deep beds of coal,
showing the latter to be the produce of a former
vegetation, prove how immense a portion of

* Neither oxygen, hydrogen, nor nitrogen are found
in a separate state in nature,
t Carbonic acid is 2 proportions of oxygen.

1 carbon.
Ammoniais 3 hydrogen.
1 nitrogen.

Carbonate of ammonia consists of one proportion of
carbonic acid and one of ammonia.
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vegetable matter was produced from gases which
no animal could have breathed. The absorp-
tion of carbonic acid with the consequent return
of a large quantity of pure oxygen to the atmos-
phere; the greater affinity of hydrogen for the
oxygen thus presented than for nitrogen, espe-
cially when heat acted in the decomposition of '
ammonia which would then set free its portion
of nitrogen—brought the atmosphere apparently
in the course of time to its present composition,
and animals then stepped forth upon the earth,
to breathe the air, and consume the food already
prepared for them. Such is the account which
science would give; it differs in nothing from
that of Moses.

22. But though the use and interest of chem-
istry be great, even whilst taking cognizance
only of inorganized nature; it assumes higher
ground when it enters upon the inquiry into
the laws which regulate organized bodies. We
there behold operations going on which no human
art can imitate, though they are evidently in
accordance with the known properties of inor-
ganized matter. We see one force after another
added which does not arise out of any action of
the former ones, yet harmonizes with them, till,
if candid, we are compelled to acknowledge that
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these superadded forces which we can neither
create nor control ;—which chemical affinity, so
far from controlling, at times yields to, though
still unsuperseded,—must spring from another
and a higher source ;—from an Intelligence, in
short, which having given laws to matter in the
first instance, knew how to make those laws
available to nobler purposes than the mere crys-
tallization of a rock, or even the coherence of a
planet. It is in these higher operations that we
shall now trace the course of chemical action.

X
¥




PART I.

PLANTS AND THEIR NOURISHMENT.

23.

N the ovum of the animal and the seed of

the plant there is a germ of organism,
which, under certain circumstances, is brought
into activity ; and by absorbing and assimilating
substances proper for its nourishment, fresh parts
are added, and growth ensues. The greater
portion of the ovum, or seed, consists of sub-
stances, which, when the necessary conditions
of warmth, moisture, &c. exist,* are absorbed
and decomposed in the minute vessels of the
germ. From the fluids thus generated fresh

* During the germination of plants electricity is
evolved—the carbonic acid disengaged is found to be
charged with positive electricity, exactly as in the case
of combustion. The seeds themselves in consequence
become negative. V. Thomson on Heat and Elect. pp.
445-576. They germinate better when connected with
the negative extremity of a voltaic battery than with
the positive ; for the alkalies requisite to their growth
accumulate around the negative electrode.
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matter is deposited, which being permeated by
the fluid amid which it is formed, necessarily
assumes a cellular or tubular form. The or-
ganism having now assimilated the whole sub-
stance of the seed, the radicle bursts the skin
already softened by moisture, and seeks fresh
nourishment in the earth, while the seed leaves
push upwards to seek the like from the air. The
farther growth of the plant must of course de-
pend on the quantity of substances suited to its
increase which lie within its reach ; and the whole
art of culture consists in affording the young
plant this food : for as no elementary substance
can be generated, but is only assimilated by
organism, it is necessary that these elements
should be presented to it in sufficient quantity.
The exact nature of the power which regulates
these processes, and which we term the vital
force, is unknown to us as yet. We know that
it controls the chemical affinities of inorganic
substances so far as to hold some in combination
which would not otherwise unite ; and to decom-
pose others which, under any other circum-
stances, are very difficultly decompounded. Like
other forces it seems to have a certain limit, and
no sooner is its control removed or overpowered
than the ordinary laws of chemical affinity re-
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sume their sway, and an entire dissolution of the
organism takes place.

24. It has already been observed that the
elements of increase are derived from the soil
and the atmosphere; for uulike the animal,
which requires that its food shall be matter
already organized, the vegetable draws its nou-
rishment altogether from inorganized matter.
We have seen that abundance of the nourish-
ment requisite for the first vegetation might, be
obtained from the air, and it is remarkable that
the remnants of this vegetation found in .coal
beds, shew it to have consisted of such plants as
have the largest extent of leaf, and the least of
root; thus presenting an extended surface for
the absorption and assimilation of the elements
contained in the atmosphere. With the first
developed leaf this process commences : during
the day carbonic acid is absorbed and decom-
posed, pure oxygen being given out ; but during
the night this process of decomposition, which
has been excited by light and heat, * ceases;

¢ Even among inorganized substances light is gene-
rally necessary to facilitate the process of decomposi-
tion. This is greatly accelerated by the direct hot rays
of the sun: in some cases the rapidity with which the
change takes place under these circumstances is such as
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and the carbonic acid which is absorbed, either
by roots or leaves, is given out again undecom-
pounded. The oxygen of the air now resumes
its powerful chemical action upon the plant ;
mixes with its component parts, and forms acids.*
A curious proof of this is afforded by the leaves
of the Cotyledon calycinium, the Cacalia ficoi-
des and others ; for they are sour like sorrel in
the morning, tasteless at noon, and bitter at
night. The formation of acids is effected during
the night by a true process of oxidation : these
are deprived of their acid properties during the
day and evening, and by the separation of a part
of their oxygen are changed into compounds
containing oxygen and hydrogen, in the same
proportions as water, which is the composition
of all tasteless substances, or as the day advances

to occasion explosion, as in the case of chlorine and
hydrogen.

¢ Sir H. Davy found that acid and alkali might be
obtained from a growing plant by making it a medium
of communication between the two extremes of a Voltaic
battery: wires from these extremities were plunged into
two cups of distilled water, and the cups were united by
means of a sprig of mint dipping into both. In ten
minutes potash and lime appeared in the negative cup,
while an acid was found in the positive cup.—V. Thom-
son on Heat and Electricity, p. 574,

The action of weak currents of Electricity in many of
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and more oxygen is separated, with an excess of
hydrogen, which is the composition of all bitter
substances.* Hence we may account for the
greater quantity of acid in fruits ripened during
cold cloudy summers, when, from the lack of
the sun’s direct rays, the process of decomposi-
tion is comparatively slow ; or in those ripened
artificially in winter, when there are fewer hours
of daylight. Hence too, as the nights grow
longer, the alteration of colour, and final drop-
ping off of leaves :—the quantity of oxygen
absorbed during the absence of the sun, effects
changes greater than the short, and often cloudy
days of winter can remedy ; less carbon is assi-
milated,—the leaf loses its green colour,—decay
commences,—and it falls off. +

25. Besides woody fibre, which consists of

the great operations of nature is only just beginning to
be studied : much that is now obscure in the growth and
assimilation of vegetable bodies will probably be found
to huve its origin in the different electric states produced
by the sun’s rays, or the variations of the atmosphere.

* Liebig Agric. Chem. p. 32.

t Evergreen leaves absorb less oxygen from the atmos-
phere than others. The leaves of the Iler aquifolium
absorb only 0.86 of their volume of oxygen gas in the
same time that the leaves of the poplar absorb 8, and
those of the beech 9% times their volume.
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carbon, with hydrogen and oxygen in the pro-
portion which forms water; starch, sugar, and
gum, which are formed of the same elements,
though with a less proportion of carbon ;—
caoutchoue, wax, fat, and volatile oils, which
consist chiefly of carbon and hydrogen ;—plants
contain other substances into which nitrogen
enters as an element, and which are indispen-
sable to the nourishment of the animals feed-
ing upon them. ¢ These important products
of vegetation are especially abundant in the
seeds of the different kinds of g'raig, of pease,
beans, and lentils; and in the roots and juices
of esculent vegetables. They exist however
in all plants without exception. These nitro-
genized forms of nutriment in the vegetable
kingdom may be reduced to three or four sub-
stances, easily distinguished by their external
characters. When the newly expressed juices
of vegetables are allowed to stand, a separation
takes place in a few minutes. A gelatinous
precipitate is deposited, which, when washed
from the colouring matter, becomes a grayish
white substance, which has been termed vege-
table fibrine. ‘The juice of grapes is especially
rich in this constituent; but it is most abundant
in the seeds of wheat, and of the cerealia gene-
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rally. It may be obtained from wheat flour, it
is then called gluten, but the glutinous property
belongs to another substance, present in small
quantity, which is not found in other cerealia.
The second nitrogenized compound remains
dissolved in the juice after the separation of the
fibrine; but the moment it is heated to the
boiling point, it separates as a coagulum, which
. cannot be distinguished from that formed by the
serum of blood, or the white of an egg when
boiled in water. This is vegetadle albumen.
The third nitrogenized constituent of the vege-
table food of animals, is vegetadle caseine. It
is chiefly found in the seeds of beans, peas, &c.;
—is soluble in water, does not coagulate when
heated, but is coagulated by an acid exactly in
the same manner as animal milk.* The nitro-
gen which enters into these compounds is derived
from the decomposzition of ammonia, for the nitro-
gen of the atmosphere enters into no combina-
tions, and passes off unaltered even when respired
by animals. This ammonia is thrown out largely
from volcanees in the shape of carbonate,—that
is, combined with carbonic acid—and results alsh
from the decay and consequent decomposition of

® Liebig. Animal Chemistry, p. 45.
D
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animal and vegetable matter. Though not
readily detected in the atmosphere, its constant
presence in rain water shows that it must exist
there; but plants probably take it up largely
through their roots also.

26. Though carbonic acid, water, and am-
monia, are necessary for the existence of plants,
because they contain the elements from which
their organs are formed, other substances are
likewise requisite for the formation of certain
organs destined for especial functions peculiar
to each family of plants.* These are the salts
formed by the combination of organic acids with
metallic oxides or bases. Phosphate of mag-
nesia in combination with ammonia is an in-
variable constituent of the seeds of all kinds of
grasses ; it is found in the outer husk; and in
the outer part of the leaves and stalk is found a
large quantity of silicic acid and potash, in the
form of acid silicate of potash. Sulphate of
lime } is found in clover, and nitrate of soda
in barley: common salt is a very frequent in-
gredient in marine plants ; phosphate of lime is
found in oats, and some other seeds, and nearly

* Liebig. Agric. Chem. p. 90. t Liebig.
$ Gypsum.
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all vegetables yield traces of oxide of iron, and
many of oxide of manganese.* The sap of
trees has generally been found to contain salts
of lime and potassa.

27. But besides these salts of mineral acids,
which are absorbed from the earth in a state of
solution, most plants, perhaps all of them, con-
tain organic acids, all of which are in combina-
tion with bases such as potash, soda, lime, or
magnesia.+—Now as we know that acids and
bases always combine in definite proportions, it
follows that if the soil does not produce the base
in sufficient quantity to saturate the acid, the
plant cannot be in a healthy state. Hence it
becomes necessary to choose particular soils for
certain plants, or to supply the deficiency in the
goil by manure. To supply the silicate of potash,
which is so needful to the stalks of the grasses,
and especially of wheat, a sufficiency of potash
and of silica must exist in the earth; and the
want of the former substance in sandy and cal-
careous soils, renders them unfruitful in corn
and grasses, while turnips and other plants
which need little of it thrive exceedingly well.

* Brande.
t Viz, the oxides of the metals, potassium, sodium,
calcium, and magnesium.
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Argillaceous (clayey) soils generally abound in
potash, and accordingly are fruitful in grass and
corn. But even those will be exhausted of their
potash by a recurrence of corn crops, unless it
be in some manner restored by carrying back
the straw in the shape of manure. Of these
crops wheat is the most exhausting ; for though
the ashes of wheat, barley, and oat straw, con-
sist of the same substances, an hundred parts of
wheat straw yield 155 parts of such ashes,
while that of barley yields 854, and of oats only
442.% On the other hand beans contain
scarcely any alkalies, buck wheat 009 per cent.
only ; and they are equally poor in the phos-
phates of lime and magnesia. Lucern belongs
to this latter class of plants. Beet, which con-
tains little else than sugar, water, and a small
quantity of cellular tissue, is one of those crops
which consume scarcely any of the substances
required by wheat.

* Liebig. Agric. Chem. p. 143. The learned profes-
sor records that a melted vitreous mass was found in a
meadow between Heidelberg and Manheim after a thun-
der storm. This mass was found on examination to
consist of silicate of potash. A flash of lightning bad
struck a stack of hay, and nothing was found in its place
but the melted ashes of the hay.

t “Beet root in 100 parts contains about 89 parts
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28. It has been proved by experiment that
the substances received into the sap, and dis-
tributed into the different parts of plants for
their renewal or increase, must be in a state of
solution—i. e. either liquid or aeriform. This
is owing to the minuteness of the vessels whose
mouths, thickly set over the roots and leaves,
act as a sponge, and absorb whatever fluid
comes within their reach, but which, like a
sponge, are unable to receive any solid even in
the state of the finest dust. These fluids are
received indiscriminately ; are there decom-
posed, and, as it were, selected by the organs
through which they are transmitted, and all
useless portions of them rejected again by the
roots, or exhaled through the leaves. This ex-
crementitious matter in time accumulates round
the roots, to the exclusion of proper nourish-
ment : hence the benefit of digging hops, &ec.
which removes the ‘excrementitious matter and
supplies fresh soil; yet notwithstanding this,
after a time it is found that the soil becomes so
impregnated with them as to be unfit for the

water, and 11 parts solid matter, which consists of from
8 to 9 per cent. sugar, and from 2 to 24 per cent. cellular
tissue. Sugar contains 42.4 per cent.,~—cellular tissue
47 per cent. of carbon.”—Liebig. Agric. Chem. p. 18.
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growth of this species of crop, though exceed-
ingly fertile for a different onme. Fruit trees
which have ceased to bear well, may be again
made fruitful by removing the earth round the
roots, and replacing it with fresh soil; and
practically it is known that where a tree has
died, it is needful to subject the spot to a course
of digging and tillage ere another is planted, or
the young plant will not thrive.

29. In some cases the substances thrown off
by the roots are not rejected merely in the same
state as received ; they have entered into fresh
combinations, and thus present themselves in
the form of extractive matter, sometimes resi-
nous and acrid, in which case probably an excess
of hydrogen has contributed to their formation ;
sometimes mild, resembling gum, which latter,
though its ultimate elements are those of woody
fibre, i. e. carbon and water, yet contains a less
quantity of carbon. Trees whose wood is very
solid, and which consequently appropriates much
carbon, frequently throw out gum from the bark:
it is probably in that case a residuary compound.
These excrementitious substances, though use-
less and even poisonous to the plant which has
thrown them off, may in some cases afford nou-
rishment to plants of a different kind ; and this
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is the cause why the alternation of crops has
been found practically useful. This again has
been found by experiment. The water in which
plants of the family of the Leguminose* grew
acquired a brown colour. Plants of the same
species placed in water impregnated with these
excrements were impeded in their growth, and
faded prematurely ; whilst, on the contrary, corn
plants grew vigorously in it, and the colour of
the water diminished sensibly; so that it ap-
peared as if a certain quantity of the excrements
of the Leguminose had really been absorbed by
the corn plants.”+ But even if not absorbed,
these vegetable excrements, which necessarily
contzin a considerable portion of carbon, will in
the course of tillage be exposed to the action of
the atmosphere, the oxygen of which will soon
convert carbon into carbonic acid, and hydrogen
into water; and thus, in the course of a few
years, they may again be a source of fertility.
Unslacked lime by hastening the decomposition
of vegetable matter, assists this process; itself
absorbing a portion of the carbonic acid thus
generated, and again becoming a carbonate. }

* Podded, such as peas, beans, &c.
t Liebig. Agric. Chem., p. 153.
t The limestone or chalk from which lime is obtained
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30. The decay of vegetable matter generally
yields a substance which has been termed humus :
it consists mainly of carbon, and when exposed
to the action of the atmosphere its surface
becomes oxidized, and carbonic acid is generated.
In careful tillage, whatever portions of this sub-
stance may be contained in the soil, are in turn
exposed to the air, and give off a portion of their
carbon in this manner ; thus contributing to the
nourishment of the plants growing within its
reach—for carbonic acid gas being soluble in
water it is absorbed by the roots along with the
moisture of the earth. As the oxygen can act
only on the surface however, its decay is slow ;
thus it remains as a store from which a certain
portion of the nutriment of plants may be ob-
tained by diligent culture: otherwise, unless the
soil should be one which the air easily per-
meates, it remains inert.—It can only be made
available by the presence of oxygen. As char-
coal has the same property of forming carbonic

isitself carbonate of lime, i. e. the oxide of lime, formed by
the action of the oxygen of the atmosphere on the metal
calcium, combined with carbonic acid. The carbonic
acid is expelled by heat, and oxide of calcium is again pro-
duced, but this has a great affinity for water and for car-
bonic acid sothatitquickly passesintofresh combinations.
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acid, it has been found serviceable, when pow-
dered, in promoting the growth of plants.

81. We have seen that the excrementitious
matter thrown off by the roots of plants is of
two kinds—in the one case it consists merely of
inorganic substances which cannot enter into
the organism of the plant, and may be considered
as undigested matter: this, though useless to
one kind of plant may be needed by another.
In the other case it has entered into combination
and produced matter which may be decomposed,
and again made available to the same kind of
plant in the shape of humus. How soon this
decomposition shall take place depends on the
nature of the soil, but we may take it as a gene-
ral rule that it will be hastened by alkalies,
which, if there be any acids present, will unite
with them and form soluble salts, leaving behind
the other matters, which will consist chiefly of
carbon. No manure will make a soil fit for the
growth of the same species of plant till this
decomposition has taken place, and sometimes
this is not till after a lapse of some years.

82. The production of coal beds has been the
result of this process of decay under peculiar cir-
cumstances. Woody fibre and parts of plants
having been found in it in different stages of
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decomposition, leave little doubt as to its origin;
and as, wherever moisture is present, oxygen is
80 too, there would be a continued evolution of
carbonic acid gas from vegetable matter in a state
of decay till all the oxygen was consumed ; but
as two proportions of oxygen to only one of car-
bon are required to form this gas, a considerable
portion of carbon must remain, as well as the
hydrogen which had been in combination with
the oxygen, while both those elements existed
in the form of water. The results of a chemical
analysis of canel coal from Lancashire justifies
this assumption. 24 proportions of carbon and
13 of hydrogen are found in it, but no oxygen.*
The accumulation of carbonic acid gas in mines,
wells, caves, &c. is in many instances the result
of this vegetable decomposition still going on. +
It is well known that the gas produced by dis-
tillation of coal contains a considerable propor-
tion of hydrogen, which having little affinity
for carbon quits it easily. It was a component
part of the water always found in woody and
vegetable matter, and was left behind when the

* Liebig. Agric. Chem. p. 350.

t Professor Liebig conjectures that the crystallization
of the diamond may be effected in the course of this kind
of decomposition.
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oxygen united with the carbon to form car-
bonic acid. The fire damp of mines, like the
gas obtained by distillation, consists mainly of
carburetted hydrogen. Bituminous substances
have the same origin; they consist merely of
carbon and hydrogen. ¥

83. The nourishment to be afforded to plants
may now be easily summed up. They require
a large supply of carbon in solution generally
found in the shape of carbonic acid ; of hydrogen
and oxygen chiefly received in the form of
water ; of nitrogen derived from ammonia either
existing in a gaseous form in the air, or dissolved
in the rain water which impregnates the earth
round them with its elements :—of potash, soda,
lime, magnesia, silica, iron, and manganese, with
phosphorus and sulphur in the form of acids
forming neutral compounds, chiefly with the
above named bases. The art of culture consists
in restoring or affording these substances to the
soil—for the air we are unable to impregnate
by any agency of ours;—and in proportioning
the allowed growth of the tree or vegetable to
the quantity of nourishment at our command.
A tree will not form blossoms and fruit unless

* Brande.
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it has a surplus of nutriment—it will therefore
form none if all the carbon it can derive from
the carbonic acid around it, whether in the soil
or air, be consumed in the formation of the
woody fibre of very numerous branches :—the
removal of a few of these in the spring causes
an immediate surplus ; and hence the pruning of
fruit trees makes them bear more abundantly.
34. It has already been noticed that silicate
of potash is a necessary ingredient in the stalks
of grasses or corn ;—that phosphate of magnesia
or phosphate of lime is no less needful to the
husks of the seed;—and that there are other
substances, which form their chief nutritive qua-
lities, into which nitrogen must enter largely.—
A farmer who has attended to this will notice if
his corn appear weak in the stalk, and will en-
deavour to supply the first of these substances :
it will be found in the decomposition of straw;
it may be even obtained in mass under the title
of soluble glass. If the ears be small and in-
sufficient, the phosphates may be supplied from
bone dust, which consists mainly of the phos-
phates of lime and magnesia,* or from bran which

# « The manure of an acre of land with 40lbs of bone
dust is sufficient to supply three crops of wheat, clover,
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has been used in print works, which contains
these phosphates, after it has served the purpose
of the manufacturer; or from the excrements
of animals which have been fed upon corn.* The
nitrogenized products must be increased by a

potatoes, turnips, &c. with phosphates. But the form
in which they are to be restored to asoil does not appear
to be a matter of indifference. For the more finely the
bones are reduced to powder, and the more intimately
they are mixed with the soil, the more easily they are .
assimilated. The easiest mode of effecting their division
is, to pour over the bones in a state of fine powder, half
their weight of sulphuric acid diluted with three or four
parts of water, and after they have been digested some
time, to add one hundred parts of water, and sprinkle this
mixture over thefield before the plough.” Liebig. Agric.
_ Chem. p. 173. It must be remembered that when sul-
phuric acid is to be diluted, the acid must be slowly added
to the whole quantity of water,or a degree of heat will be
generated which may be mischievous. The corrosive
nature of sulphuric acid renders great caution needful
in the use of it.

* Five hundred grains of horsedung on being subjected
to chemical analysis were found to contain—

Water 357 .0
Vegetable fibre and animal matter 135 . 0
Silica 3.2
Phosphate of lime 0.4
Carbonate of lime 1.5
Phosphate of magnesia and soda 2.9
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supply of ammonia, and this may be gained in
different ways. All animal excrements contain
it:* the decay of animal and vegetable matter
affords it in notable quantity ; and gypsum (sul-
phate of lime) is sometimes exceedingly useful
in fixing these ammoniacal compounds thus
formed, no less than that which is found in rain
water. “ The carbonate of ammonia contained
in rain water is decomposed by gypsum, soluble
sulphate of ammonia, and carbonate of lime, are
formed ; and this salt of ammonia possessing no
volatility, at common temperatures, is conse-
quently retained in the soil. All the gypsum
gradually disappears, but its action upon the
carbonate of ammonia continues as long as a
trace of it exists.”+ If gypsum be strewed on

* 1t should, however, be noticed, that the extremely
volatile nature of this substance leads to its almost imme-
diate escape into the surrounding atmosphere ; and thus,
when manure of this kind is laid in a heap, and turned,
as is the practice with farmers, this most valuable con-
stituent part is almost entirely lost.

t Liebig. Agr. Chem. p. 85. It must, however, be
remarked, that gypsum requires water to produce its
effects.—Liebig recommends a Salt more easily soluble
in very dry land—chloride of calcium for instance. In
England, however, the winter’s rain will generally sap-
ply moisture enough.
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the floors of stables it has the same effect: by
decomposing the ammoniacal salts which are
formed, and which form the disagreeable odour
by their constant volatilization, it fixes them as
sulphate of ammonia, and thus no part of the ma-
nure is lost ; as this can afterwards be carried out
upon the land. It has the further effect of des-
troying the unpleasant odour; for these odours,
in this as in other cases, are the result mainly
of volatile ammoniacal compounds. Where
grasses are scanty in leaf, a larger supply of
‘potash will generally increase the crop;—and
this substance will be found abundantly in wood
ashes—in the excrements of the cow and sheep,
which contain but little nitrogen ;—and of course
it may be supplied from the potash of com-
merce. If it be suspected that there is a want
of carbon, powdered charcoal may be strewed on
the soil : this will be found useful in heavy soils ;
coal ashes, too, or burnt earth, or fine gravel,
will act mechanically on such soils, by dividing
and making them permeable to the atmosphere,
and thus increase their fertility. Chalky soil
might be improved by pouring dilute sulphuric
acid upon it, which by converting the chalk
(carbonate of lime) into gypsum (sulphate of
‘lime) would create this useful substance upon
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the spot. It will follow from what has been said
that the only use of fallowing ground, exclusive
of the mechanical one of destroying troublesome
weeds, consists in the opportunity it affords of
turning up fresh surfaces to the action of the
atmosphere, and recruiting its nitrogen by the
rain water which falls on it. It may therefore
be a matter of calculation tothe farmer, whether
he may not find the manure requisite to supply
the place of this less costly than the loss of a
crop. : :

85. Besides the nitrogenized products already
mentioned, there are in plants other compounds-
destined to play an important part both in the
support of graminivorous animals, and in the
reproduction of the plant itself. “ A new and
peculiar process of vegetation ensues in all per-
ennial plants after the complete maturity of
their fruit. The stem of annual plants, at this
period of their growth, becomes woody, and
their leaves change in colour ;—they have no
further increase to provide for:—the leaves of
trees and shrubs, on the contrary, remain in
activity until the commencement of winter; but
after August they form no more wood: all the
carbonic acid which the plants now absorb, is
employed in the production of nutritive matter
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for the following year. Instead of woody fibre
starch is formed, and is diffused through every
part of the plant by the autumn sap. The barks
of several aspens and pine trees contain so much
of this substance, that it can be extracted from
them, as from potatoes, by trituration in water.
It exists also in the roots and other parts. A
very early winter, or sudden change of tempera-
ture, prevents the formation of this provision
for the following year; the wood is said then
not to ripen, and its growth the next season is
very limited.* '

86. The starch accumulated in the autumn in
the bark of the root, and the seed, under the
requisite conditions of moisture and warmth, is
converted into sugar and gum,t{ and from this
the bud, the young plant, or the leaves of the
bulb, derive the juices which enable them to
form a fresh organism and derive fresh nutriment

* Liebig. Agr. Chem. p. 119.

t The elementary proportions of starch are, carbon
12, hydrogen 10, oxygen 10,—or, a certain quantity of
carbon combined with the elements of water. It becomes
gum by the addition of one proportion of water—(for
the formula of gum is carbon 12, hydrogen 11,0xygen 11,)
and sugar by a étill farther addition of water— (sugar
from starch contains carbon 12, hydrogen 14, oxygen 14.)

E
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from the atmosphere. Every one knows practi-
cally, that when potatoes have germinated they
become sweet, and their mealiness is lost: the
starch is become sugar for the support of the
young shoot. It is thus that barley is converted
into malt; by supplying the conditions of mois-
ture and warmth, the seed is made to germinate,
and the starch contained in'it is thus converted
into sugar. The process of growth is arrested
before this sugar is- consumed for the nourish-
ment of the young plant, by subjecting the
grain to the heat of a kiln; and thus the sweet-
ness is preserved.

37. The quantity of either starch or gluten con-
tained in the plant, depends on the kind of nou-
rishment it is supplied with : when manures, con-
taining nitrogen, have been used, the nitrogen-
ized products will be increased, and the starch
lessened, and vice versi. Thus potatoes grown
in a soil which has been treated with animal
manure, which contains much nitrogen, have a
gluey consistence ; while those grown in a fresh
soil where humus abounds, have more of starch,
and are what is called mealy. Wheat is influ-
enced in the same manner, and gives a larger
proportion of gluten or of starch, according to
the manure that has been used on the soil.
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38. We have now traced the great laws of
vegetable life, but there are still some remark-
able processes connected with vegetable death,
which remain to be noticed. These are what
are commonly termed fermentation, putrefac-
tion, and decay.

39. We have already seen the facility with
which starch changes into sugar, and sugar into
other products, in the living organism, by the
addition or subtraction of the elements of water ;
for it can hardly be doubted that the sweet juice
of the young grain, is in itself the foundation of
the flour in the ripe one: a portion of water has
been abstracted from the sugar, and it is again
become starch. When the juice of fruits, con-
taining saccharine matter, or a solution of grain,
in which the starch has again been converted
into sugar, is exposed to the air, two fresh sub-
stances (carbonic acid and alcohol), are engen-
dered, and the sugar disappears—the process
by which this is effected, is commonly called fer-
mentation. On examination, these two products
will be found to contain the original elements of
the sugar differently arranged, and with the
addition of a certain proportion of the elements
of water. The immediate cause of the change
appears to be a nitrogenized substance in the
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juices of the plant, which has been termed albu-
men or gluten. The peculiar indifference of
nitrogen to other elements, has been noticed;
no sooner is it free from the vital force, than it
seeks its liberty ; the elementary atoms are thus
set in motion, and like grains of cork floating in
water, group themselves afresh according to the
most powerful affinity: the movement is pro-
pagated from one to another, and ceases not
till all have ranged themselves in their new
combinations. When the carbonic acid, which
escapes in a gaseous form from fermenting
sugar, and the alcohol which remains in the
liquor are analyzed, it appears that the elements
of the sugar are there, with a slight addition of
oxygen and hydrogen,* the known elements of
water, which has probably been absorbed from
the air in the course of the chemical change
going on. Other products also are found, the
result of the decomposition of the nitrogenized
matter.

* Cane sugar contains the elements of carbonic acid
and alcohol, minus one proportional part of water. The
alcohol and carbonic acid produced by its fermentation,
contain together one equivalent of oxygen aud one of
hydrogen, (thatis, one proportional of water), more thai
the sugar contained, Liebig. Agr. Chem. p. 183,
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40. Whilst the decomposition of the vegetable
albumen is still going on, it is termed yeast or
ferment, and if a portion of it be taken from the
fermenting liquor, and added to any other sac-
charine matter, it has the property of communi-
cating its state of chemical change, i. e. move-
ment—to that also. The process is repeated,
and the results are the same ; with this difference
merely, that if the substance which the yeast has
been introduced into, contains no albumen, it
disappears after a time, all its parts having en-
tered into fresh combinations: whereas if it
meets with albumen, it communicates its state of

ecomposition to this also,—and a larger quan-
tity of ferment is the result. It sometimes
happens that if the quantity of albumen be suf-
ficient to keep up this state of chemical move-
ment, even the fresh combinations are disturbed ;
the oxygen of the air is attracted, and the alcohol
having a larger quantity of oxygen added to its
other elements, becomes acetic acid. By pre-
venting the access of atmospheric air, this change
may be prevented, for the great element of the
change is then wanting.

41. Putrefaction is another result of the dis-
position of nitrogen to escape from, or change
its companions. As soon as a body, in which
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the vital force has ceased to act, and which con-
tains nitrogen, is exposed to moisture, the ‘ni-
trogen combines with the hydrogen of the water,
and the carbon with the oxygen, and thus am-
monia and carbonic acid are evolved—the atoms
once set in motion run through a course of dif-
ferent combinations, and for the most part dis-
appear in a gaseous form, leaving, at last,
nothing but the bony structure behind. The
disagreeable odours emitted by bodies in "this
state of change are these gaseous products,—
compounds, in various forms, of hydrogen and
nitrogen,—for oxygen and carbon are inodorous,

42, Decay is the gradual oxidation of organ-
ized bodies, where there is not moisture sufficient
to admit of the rapid changes which take place
in fermentation and putrefaction. The carbon
of the decaying body unites with the oxygen of
the atmosphere in the proportion of one to two,
and is thus slowly abstracted: or, as'in cases
where it is in great measure secured from the
access of air,—with its own oxygen ; leaving an
extra quantity of hydrogen, as has already been
noticed in the instance of coal. Human bodies
when kept perfectly dry, do not putrefy, but
become shrunken and dark coloured.

43. We have now traced the general laws by
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which organic compounds are formed, and again
decomposed—most simple even in their com-
plexity ; accomplishing the most enormous re-
sults by means as small in appearance as they
are mighty in operation.  Carbonic acid,
water, and ammonia, contain the elements ne-
cessary for the support of animals and vege-
tables. The same substances are the ultimate
products of the chemical processes of decay and
putrefaction. All the innumerable products of
vitality resume, after death, the original form
from which they sprang. And thus death—the
complete dissolution of an existing generation—
becomes the source of life for a new one.” *

* Liebig. Agr. Chem. p. 89.
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PART II.

ANIMALS AND THEIR NOURISHMENT.

44.

E have seen that among inorganic sub-

stances combinations are effected, and
changes wrought by means of a peculiar property,
which, till better understood, has been termed
chemical affinity. In plants a new principle is
superadded, and chemical affinity is modified
by a mechanism which, under the external in-
fluence of light and heat, causes fresh combi-
nations and products, and possesses the power
of growth and reproduction. In the animal
this mechanism no longer requires external
influence, but contains within itself the main-
spring which regulates its movements. This
mainspring is the apparatus of the nerves.

45. Assimilation, or the process of formation
and growth, goes on alike in the plant and the
animal; in both it is carried on unconsciously,
and thus far the difference between the two lies
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only in the source of motion. The lower order
of animals possess merely the organs of this
vegetative life, but as we ascend higher, we find
new organs introduced, nerves of sensation re-
ceive impressions from without, and propagate
their movements through nerves of motion;
higher yet we find sensation concentred in the
brain, and voluntary movement transmitted from
thence to the limbs.

46. In man, we find a more delicate mecha-
nism acting as the organ of a farther force,
which manifests itself in the higher mental phe-
nomena, and which occasionally accelerates, re-
tards, or disturbs the process of vegetative life.
Of its nature science can say little; we only
know that it exists, that in its action it is fre-
quently independent of external sensations, and
that in so far as its manifestations are connected
with matter, its agency “is entirely distinct
from the vital force, with which it has nothing in
common. Thus two forces are found in activity
together ; but consciousness and intellect may be
absent in animals as they are in living vegeta-
bles, without their vitality being otherwise af-
fected than by the want of a peculiar source of
increased energy or of disturbance. Except in
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regard to this, all the vital chemical processes
go on precisely in the same way in man, and in
the lower animals.” *

47. The first process of vitality is assimila-
tion. The young animal, like the germ of the
plant, has a peculiar nourishment and shelter
provided for it during the first stages of its
growth ; and like that, its increase of mass pro-
ceeds from a fluid which conveys and deposits
the matter requisite for the formation and in-
crease of each organ ; and as in plants too, these
must be received in a state of solution. The
young animal receives its food in a fluid state:
it is the office of the stomach in after life, to
reduce to that state such parts of the solid food
received, as may be fitted for nutriment. In
either case, the fluid is absorbed by minute ves-
sels, which, like those in the root of a plant, act
as a sponge, and suck in whatever liquid is pre-
sented to them, without discrimination. The
fluid, which is the final result of the moisture
thus obtained, we term dlood; and by deposi-
tions from it, all increase of mass, or reproduc-
tion of parts is effected. The matter deposited
amid a permeating and circulating liquid neces-

* Liebig. Anim. Chem. p. 6.
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sarily assumes, as in plants, the form of tubes
and cells.

48. At a certain period of its growth the
young animal, like the young plant, requires
fresh nourishment, and breaks forth from its
first shelter to seek it. It is now subjected to
the action of the atmosphere, respiration ensues,
and thenceforth air is no less needful to life
than food; nor can any other air than the pre-
cise mixture of gases found in the atmosphere,
be respired long without danger. At every
breath a certain quantity of this air is inbhaled :
the same volume of air is exhaled a moment
after, but its qualities are changed ; the nitrogen
is indeed returned unaltered, but the oxygen has
disappeared, and in its room we find carbonic
acid and watery vapour. The weight of oxygen
thus abstracted from the atmosphere daily, is
considerable, * yet we find no increase of weight
in the body receiving it, if it be that of a full
grown animal. It is evident then that it does
ot remain in the system, and we find in fact
that it escapes in combination with carbon and

# An adult man inhales on an average 32} oz. of oxy-
gen ; a horse 13 lbs. 3} oz.; a milch cow 11 lbs. 10§ oz.
in twenty-four hours.
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with hydrogen, which two elements, combined
with oxygen, form respectively carbonic acid
and water. The elements for this combination
then must have existed in the body. It is well
known that gases possess the power of pene-
trating membranes ; and thus the oxygen of the
atmosphere when received into the lungs, pene-
trates the coats of the vessels there exposed to
it, and finds its way into the blood. Oxygen is
too powerful an agent ever to remain inactive ;
a course of chemical combinations takes place,
the blood is changed in colour and properties,
and carbonic acid is evolved. A large propor-
tion of chemical combinations are attended with
the evolution of heat, as may be seen in the pro-
cesses of fermentation and putrefaction, if the
mass be sufficient to prevent the heat from
escaping, and among these are the combinations
taking place within the living body. Carbon
forms a large constituent part of all food, as well
as of all the tissues of the body ; now a charcoal
fire is nothing more than carbon in a state of
rapid combination with the oxygen of the atmos-
phere,* during which also carbonic acid is largely

* In what we call “ making a fire,” we only resort to
the same principle which has been noticed § 40. To
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evolved. The combination which takes place in
the body is not so rapid, but it is of the same
nature. “ Respiration is essentially a combus-
tion of carbon, which in combining with oxygen
is converted into carbonic acid, and at the same
time furnishes the animal heat. Liebig calcu-
lates that the amount of carbon daily burned in
the body of an adult man, is about fourteen
ounces, and that the heat given out by this
quantity is fully sufficient to keep up the tem-
perature of the body, and to account for the
evaporation of all the gaseous matter and water
expelled from the lungs.” *

49. But the quantity of oxygen inspired is
affected by the temperature and density of the
atmosphere. At every respiration a volume of
air enters, proportioned to the capacity of the
chest, but its weight, and consequently that of
:the oxygen it contains, is not constant. Air is
expanded by heat, and contracted by cold, there-

facilitate combination, we bring a substance, already in
a state of chemical decomposition, into contact with the
substance we wish to decompose. Combustion, like fer-
mentation, may be spontaneous ; but it is hastened and
rendered easier by thus artificially tbrowing the atoms
into a state of movement.

* Turner's Chemistry, 6th Edit,
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fore a given volume of cold dense air will con-
tain more atoms of oxygen than an equal volume
of warm rarefied air. The oxygen taken into
the system is given out again in the same forms,
whether in summer or in winter ; hence we must
expire more carbon in cold weather, because we
have inspired more oxygen, and we need more
or less carbon in our food in the same propor-
tion : in Sweden more than in Sicily; and, in
temperate climates, about an eighth more in
winter than in summer. ¢ Even when we con-
sume equal weights of food in cold and warm
countries, the articles of food are most unequal
in the proportion of carbon they contain: the
fruits on which the natives of the south prefer
to feed, do not, in the fresh state, contain more
than 12 per cent of carbon; while the bacon
and train oil used by the inhabitants of the
arctic regions, contain from 66 to 80 per cent
of carbon.” *

50. All chemical changes are attended with
movement of the elements combining: a mov-
ing force is thus generated, by which vital
activity is kept up ; but every such movement
is attended with a consumption of the parts

# Liebig, Anim. Chem. p. 17.
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employed in giving rise to it. The combination
of acid and metal in a galvanic battery which
gives rise to extremely rapid movement and
intense heat, consumes the metal; and every
exertion of muscular force, being the result of
chemical change, and consequent consumption
of the parts, is attended by a proportionate ex-
haustion and necessity for renewal. Thus strong
exercise increases the need for food in two
ways ; for it occasions more frequent breathing,
and therefore a greater influx of oxygen into the
';ystem, and at the same time a waste of the
substance of the body, which will require to be
renewed.

51. In all these cases such is the exact regu-
lation of the organs, that if the natural appetite
be gratified, and no more than gratified, the
bulk of the body will remain the same, as well
as the temperature of the blood; although the
body, as a heated mass, follows the laws of
other heated masses, and loses heat again in pro-
portion as the surrounding matter is colder or
hotter than itself. This equality of the tempe-
rature of the blood in all climates is the result
of the difference already mentioned in the quan-
tity of oxygen respired. Carbon is the fuel,
oxygen makes the fire: now exactly in these
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cases where owing to external warmth the body
loses less heat, and consequently needs less
fuel to keep it up, the amount of oxygen in-
haled is lessened by the rarefaction of the air.
Even in cold climates warm clothing or warm
rooms, by preventing the rapid cooling of the
body, and the latter by rarefying the air, also
lessen the demand for food. Those who remove
to warm climates usually find their appetite
diminished. *This is a warning from nature to
diminish the amount of food taken: and if it
were attended to, and the common, but absurd
practice of stimulating the appetite by ardent
liquors and hot spices, abandoned, Europeans
might enjoy as good health in the East or West
Indies as at home.”* Hybernating animals
which take no food during considerable periods,
breathe veryslowly,} and grow cold during their
winter sleep :—the small amount of carbon

* Turner's Elements of Chemistry.

t+ The dormouse is a familiar instance of this,

t A batin a state of torpidity consumed on an average
3.4 cubic inches of oxygen gas in sixty hours: in a state
of activity it consumed that quantity in less than half an
hour. During the period of torpidity the temperature
of the animal was that of the atmosphere. A dormouse
when lively, with an external atmospheric temperature
of 47°, bad a temperature of 92°. The day before, when
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burned by the oxygen received in respiration
has in this case been supplied from the tissues
of the body ; for the animal loses flesh during
its torpid state ; but in order to meet this exi-
gency, the abundance of food in the autumn
fattens these animals exceedingly, so that a suffi-
cient supply of carbon is found without fatally
consuming the vital organs.

52. In cases of starvation not only the fat
disappears, but also, by degrees, all such of the
golids as are capable of being dissolved: the
muscles shrink, grow soft, and lose their contrac-
tility, and with it, their power; till towards the
end, thebrain itself begins toundergo the process
of oxidation, and delirium, mania, and death
close the scene; that is to say, all resistance to
the oxidizing power of the atmospheric oxygen
ceases, and the chemical process of decay begins,
in which every part of the body, the bones ex-
cepted, enters into combination with oxygen.
The time which is required to cause death by
starvation depends on the amount of fat in the
body; on the degree of labour or exertion of

torpid, its temperature was 52° the external thermometer
then standing at 49°.—Dr, Marshall Hall on Hyberna-
tion, Phil, Trans. for 1832.

F
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any kind; on the temperature of the air; and
finally on the presence or absence of water.
Water is a requisite component part of the body,
and a certain quantity of it being constantly
evaporated from the skin and lungs in conse-
quence of a temperature of 98° Far., it must be
supplied again, or its dissipation would hasten
death.*

53. It has already been noticed (§ 47) that
the increase of mass in the animal body, the
developement of its organs, and of course the
supply of waste, are dependant on the blood;
for through it alone, the substances can be con-
veyed which are needful for these purposes. It
is evident, therefore, that no substances can be
considered nutritious which are incapable of
conversion into blood ; or which, being rendered
fluid, and thus capable of absorption, are yet of
a different nature from the usual constituents
of any part of a healthy living body. Thus we
find that the metals which have no-.place in the
organism in its normal (i. e. natural and usual)
state, when absorbed into the system in any

* Liebig. Anim. Chem. p. 27, He mentions a case
where, with a supply of water but no food, life was pro-
longed for sixty days.
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considerable quantity, act as poisons and destroy
life, and the effect of some of them as medicines,
when given in small doses, though still very ob-
scure, probably depends on the unnatural action
excited by them, which in some cases may be of
service, by expelling diseased or useless matter.*

54. Blood when taken from the body, and
thus withdrawn from the vital movement which
has kept it fluid, separates into two parts; a
deep red clot, or coagulum, and a yellowish
liquid called serum, resembling white of egg
with which it is identical in composition.4+ Like
that, when boiled, it hardens into a white elastic
mass which is termed albumen. The gelatinous
clot when stirred with a stick adheres to it in
soft elastic fibres, and this, which is identical
with the muscular fibre, is termed the fibrine of
the blood. It has already been seen (§ 25)

. * Some metallic poisons are such from their property
of arresting the progress of vital change, which after all,
is but incipient decomposition compensated by the acti-
vity of the organs in supplying fresh matter and expelling
what has been decomposed. Arsenious acid, or as it is
commonly called, white arsenic, stops the process of de-
composition in the parts subjected to its influence even
after death. Perchloride of mercury (corrosive sublimate)
bas a like property of arresting the progress of decay.

t Liebig. Avim, Chem. p. 41.
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that these substances exist in the vegetables
which form the food of the graminivora : in the
carnivora they are supplied from the re-dissolu-
tion of the bodies they devour. Fibrine and
albumen are nearly identical in substance : the
following is the analysis of 100 parts given by
Mulder:

Albumen. Fibrine,
Carbon.......ccoenuee 5484 ..icivvnnnnnne 54.56
Hydrogen............ 7.09 coiiiineinenne 6.90
Nitrogen ....ccceneee 15.83 ..cccevencnnane 15.72
Oxygen.cuisensecseses 2128 cevrreranene 22.13
Sulphur.......ccceeees 0.68 .cuvee sennenan 0.33
Phosphorus.......... 0.35 .ccreneeceranne 0.36

but Mulder has also proved that these substances
are but compounds of another, and yet simpler
compound, which he calls proteine (from xporeve
I take the first place) as being the original
matter from which not only fibrine and albumen,
but caseine * also, are derived.

55. Proteine is composed of carbon, hydro-
gen, nitrogen, and oxygen only: fibrine, albu-
men, and caseine, all contain small, but essential
quantities of mineral substances, such as sulphur,
phosphorus, potash, soda, common salt, and
phosphate of lime. It has been proved by

* Vide § 19.
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recent researches that animal and vegetable
albumen, animal and vegetable fibrine, animal
and vegetable caseine, are respectively identical
in every particular. We may therefore assume
that they are all compounds of proteine, with
small proportions of inorganic matter. In every
instance where they have been analyzed, it has
been found that the amount of the four first
elements in the precipitated proteine is the same
as in the fibrine, &c. from which it has been
precipitated. It therefore appears that it is one
of those original compounds which the animal
organism is incapable of preparing for itself : for
it passes unchanged from the food to the blood,
and from the blood to the more solid tissues
deposited from it. It has been prepared in the
secret laboratory of the vegetable organism, and
is so essential to the animal creation that no
substance which does not contain it in some
shape, will support life. If in the course of
animal assimilation it should have passed into
actual fresh combinations of its elements, and
the compound atom of proteine has been decom-
pounded into another containing more or less of
any of these four elements, it ceases to be nutri-
tive. Thus gelatine, which is obtained from the
cartilaginous parts of the body, and which, on
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analysis, shows these elements to be combined
in different proportions, is incapable of support-
ing life. An animal fed upon it dies with the
symptoms of starvation.

56. When food passes into the stomach it is
subjected to the action of the gastric juice: a
clear liquid always found there, but when no
food is present, in a neutral state. When diges-
tion has commenced, free muriatic acid * is found
in it, arising probably from the decomposition of
the common salt which is found in greater or less
quantity in all that is taken as food, and which
‘is generally sought by graminivorous animals, and
by man when heis chiefly graminivorous, probably
to furnish this necessary agent in the business of
digestion. In the animal texture there is always
a portion of it, and accordingly the carnivora
do not seek it. But the solvent power of the
gastric juice does not depend on the acid, for it
is not found till the process of digestion has
‘begun.  Prof. Liebig is of opinion that this pro-
cess is the result of the principle already noticed
§ 89, 40. He conceives that the surface of the
stomach is subjected to a partial decomposition
in consequence of the oxygen continually carried

* Or according to more modern nomenclature hydro-
“chloric acid,
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thither by the saliva; and that this action is
communicated to the food as soon as it is re-
ceived into it :—a fresh arrangement of atoms is
in many cases the result—and in this case salt
is separated into its acid and its base. All
mineral acids have the power of arresting fer-
mentation, hence the accumulation of the free
hydrochloric acid finally puts a stop to further
change. The food thus brought into a fluid
state, and absorbed in the course of its passage
through the stomach and intestines by the small
vessels whose mouths open into these viscera, is
carried finally into the larger vessels by the
action of the heart, which does the office both of
a sucking and a forcing pump, and after having
drawn the venous blood towards it, and forced
it into the lungs, where it is a€rated, receives it
again, and sends it as arterial blood to the ex-
tremities of the body.

57. We have already seen that the action of
the oxygen carried by the arterial blood, pro-
duces a waste of the surfaces with which it comes
in contact, by partial decomposition. The pro-
teine having given up its carbon, either wholly
or in part, to form carbonic acid, and its hydro-
gen and oxygen in like manner to form water,
an excess of nitrogen remains mixed in the
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blood. As this is now useless, the arterial blood
undergoes a filtration in the kidneys, in the
course of which, this, with a certain portion of
the other elements, are passed off into the uri-
nary bladder, and thus removed from the body.
On returning towards the heart, the blood un-
dergoes another filtration through the liver;
and here the soda set free by the liberation of
the hydrochloric acid in the stomach, and the
remaining carbon not any longer entering into
the composition of proteine, is separated, with a
portion of hydrogen and oxygen, in the form of
bile. It was formerly supposed that this was
an excrementitious matter, and passed off through
the intestines ; but later researches have proved
that it does not exist in the faces, consequently
it must be again taken up into the circulation,
where it is supposed to supply the carbon needed
for the process of respiration, and the generation
of heat. *

58. Whilst contemplating the action of this
nicely balanced machine, the question naturally
arises, as to whence the provision is made for
the growth of young animals ; since so large a

* It is impossible to give the details by which these
assertions are proved in the compass of this small treatise.
In Prof. Liebig’s works they will be found at length.
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portion of the carbon received is consumed in
the production of heat. There is a further pro-
vision for this. Milk is the nourishment of the
young both of the graminivora and the carni-
vora, and in this there are, besides the compound
of proteine termed caseine, two other products ;
butter and sugar of milk ; neither of which con.
tain any nitrogen, but which are rich in carbon:
thus whilst the caseine is applied to the increase
of the muscular parts, bones, &c.* the carbon
and water of the other two supply the waste of
respiration. It is observable that the carnivora,
in their wild state, continue to suck till they
have attained nearly their full growth: and,
when domesticated, we find it needful to supply
them with milk, if separated from the mother.
In the young of carnivorous birds the total
absence of movement so lessens the waste in
respiration, that it compensates the want of this
peculiar kind of nutriment. Man and the grami-
nivora continue to make non-nitrogenized com-
pounds a part of their food after milk has ceased

* ¢ When chemically examined caseine is found to
contain a much larger proportion of the earth of bones
than blood does, and that in a very soluble form capable
of reaching every part of the body.”— Liebig. An, Chem.
p. 52.
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to be their only nutriment, and thus subsequent
growth is provided for. Nothing but a very
mistaken view of the animal mechanism there-
fore could induce any to feed children almost
exclusively on a meat diet, and to debar them
from the fruit and farinaceous food which their
appetite always seeks: for it is in these latter
that they find the sugar and starch which supply
carbon for the respiratory process, and allow the
compounds of proteine to be applied entirely to
the support and growth of the body.

- 59. The same substances which during the
growth of the young animal supplied the elements
of respiration, and thus allowed an increase of
mass, continue to form a considerable part of the
food of herbivorous animals, and of civilized man
even after this has ceased. If then the amount
of oxygen breathed be not enough to consume
the carbon of the food, a substance accumulates,
which, in the normal state, only occurs in small
quantity as a constituent of the nerves and
brain. This substance is faz. If we compare
the composition of sugar, of milk, of starch, and
of the other varieties of sugar, with that of mut-
ton and beef suet, and of human fat, we find
that in all of them the proportion of carbon to
hydrogen is the same, and that they only differ
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in that of oxygen, which is deficient. The for-
mation of fat, therefore, like other analogous
phenomena in which oxygen is separated in the
form of carbonic acid or water, will be attended
with the disengagement of heat. This change
supplies to the animal body a certain proportion
of the oxygen indispensable for the vital pro-
cesses, in those cases where the oxygen absorbed
by the skin and lungs is not sufficient to convert
the whole of the carbon fitted for such combina-
tion, into carbonic acid.*

60. In the case of carnivorous animals, or of
men confined to an animal diet, the carbon of
the flesh and blood must take the place of starch
and sugar in keeping up respiration and heat;
but 15 1bs. of flesh do not contain more carbon
than 4 lbs. of starch: the consumption of the
former, therefore, must be much greater when
taken alone, than when a portion of vegetable
matter is added ; and in order to accelerate the
waste of the organized tissues, so as to supply
the carbon for respiration, long and severe mus-
cular exertion is required. Carnivorous animals
kept in a menagerie, and fed without the accus-
tomed exercise of chasing and seizing their prey,

* Liebig. Anim. Chem. p. 93.
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are in continual restless motion ; and man upon
a like diet, feels the same restlessness, and needs
the like exercise for the very same reason.
Those therefore whose profession, or whose
amusements are sedentary, would find their
comfort increased and health preserved, by
avoiding a kind of diet which requires a larger
amount of muscular exertion than they ever
make, in order to carry on the vital processes ;
and which when this is not made, causes a
degree of bodily uneasiness which cramps the
best efforts of the mind, and much lessens the
enjoyment of life.

61. Gelatine is the name which has been
given to the jelly-like matter which cartilage
resolves itself into wholly; and which is the
nitrogenized portion likewise, of bones, hair, horn,
feathers, &c. It is not like fibrine, albumen,
and caseine, found in any vegetable matter—and
yet it must be formed from the blood.—Prof.
Liebig suggests that as “for the same amount
of carbon, the membrane and tissues which
yield gelatine contain more nitrogen, oxygen,
and hydrogen than proteine does, it is conceiv-
able that they are formed from albumen by the
addition of oxygen, of the elements of water,
and of those of ammonia, accompanied by a
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separation of sulphur and phosphorus:” the
sulphur is found in skin, hair, and horn, the
phosphorus in the matter of the brain and nerves.
But the question seems still involved in some
obscurity.

62. Brain and nervous matter is distinct from
all other animal tissues, and in its composition
is intermediate between fat and the compounds
of proteine ; it contains nitrogen (which is absent
in fats), but in far smaller quantity than is re-
quired to form proteine; and is, on the other
hand, much richer in carbon than proteine or
its compounds. It appears likewise to contain
phosphorus as an essential ingredient.* From
the circumstance that gelatine has less carbon
and more nitrogen than the compounds of pro-
teine, while nervous matter has more carbon
and less nitrogen; it appears: possible that the
formation of the two bears some relation the one
to the other. 'The tissue of the brain, especially
the grey part, appears to be chiefly albuminous:
but the white portions are loaded with the fatty
matter above mentioned, which has the charac-
ter of an acid. It is remarkable that the vege-
table alkalaids which may be reckoned among

* Turner’s El. of Chem.
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the most active remedies in medicine, bear no
relation to any constituent of the body excepting
the substance of the nerves and brain.” All of
them contain a certain quantity of nitrogen:
and in regard to their composition, they are
intermediate between the compounds of proteine
and the fats. But in one point the substance of
the brain differs from them in its chemical com-
position, for it exhibits the characters of an acid,
and contains far more oxygen than the organic
bases or alkalaids. We observe that quinine and
cinchonine,*—morphia and codeine +—strych-
nine and brucia  —which are respectively nearly
alike in composition, if they do not absolutely
produce the same effect, yet resemble each
other in their action more than those which
differ more widely in their composition. We
find that their erergy of action diminishes as
the amount of ox,gen they contain increases,
(as in the case of narcotine) and that, strictly
speaking, no one of them can be entirely re-
placed by another. If these compounds then
are capable of taking a share in the formation,
or in the alteration of the qualities of brain and

* The active principles of Peruvian bark.
t Ditto of opium.
t Ditto of nux vomica and some other plants.
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nervous matter, their action on the healthy, as
well as the diseased organism, admits of a sur-
prisingly simple explanation. ¥

63. Bones are formed of gelatinous tissue and
bone earth. The earthy matter forms rather
more than half the weight of the bone, and con-
tains a variable proportion of carbonate of lime,
but the chief ingredient is a peculiar phosphate
of lime. Fluoride of calcium is sometimes, but
not always, found in recent bones, in fossil ones
always. Teeth contain the same ingredients as
bones, but the proportion of earthy matter is
greater; nearly 70 per cent. The enamel of
the teeth contains no animal matter, and fluoride
of calcium is found in it. In rickets the pro-
portion of earthy matter in the bones is much
diminished.+

64. Thus far the animal body has been con-
sidered in its usual and healthy state; but it is
subject to derangements of that state, from ex-
ternal as well as internal causes. The great
law of organic matter,] by which substances,
in a state of chemical change, communicate their
movement to other substances at rest, gives rise

*® Liebig. Anim. Chem. p. 186.
t Turner’s El. of Chem. t Vide § 33, 34.
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to many morbid affections. If putrid flesh, that
is, flesh in a state of chemical decomposition, be
applied to a wound, so as to find access to the
blood, even in very small quantity, it communi-
cates its movement to the particles with which
it first enters into contact ; this to the next, and
80 on, till the decomposition is complete; and
death ensues, unless the progress of chemical
change can be arrested, or unless it be slower
in its operation than the formation of fresh blood.
From this, as a well known fact, we may argue
as to many more less understood. The virus
of small pox, &c. which reproduces the disease
when communicated to the blood of a healthy
individual, probably acts in the same way, for
though the exact chemical change which takes
place hasnot been ascertained, we may judge from
analogy that such is the case. When yeastis
introduced into beer to occasion fermentation, it
occasions a change in the saccharine matter it
finds there, and its elements assume a new form
very rapidly, but it acts differently on the gluten.
This enters into a state of much slower decom.
position, resembling that of the like substance

introduced in the shape of ferment or yeast.
The same thing probably happens in the human
body. The compound atom, introduced whilst
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undergoing chemical change, communicates
movement to all,—but its own peculiar kind of
change only to those of a like composition. Thus
a nitrogenized compound, in a state of decompo-
sition, sets all the compound atoms round it in
motion, and, if the chemical affinity of their con-
stituent parts be weak, causes them to make
fresh combinations among themselves by the
mere disturbance, as is the case where sugar is
fermented by means of putrid blood, or flesh, or
yeast indifferently. A change takes place, but
no part of the substance introduced finds a place
in the new combination. But if this compound
nitrogenized.atom should find other atoms of a
like composition, then it communicates to them
its own peculiar state of change as long as it is
itself undergoing the process, and the virus, like
yeast, is reproduced until the fresh combinations
are completed. This may possibly explain the ap-
parently unaccountable circumstance that many
diseases can be taken but once. If the chemical
action terminate in forming compounds of a dif-
ferent nature from those in which the action
began, then until matter of a like nature is re-
produced in the course of time by the organism,
the disease cannot be reproduced. It may be
that some compounds, when once decompounded,
G



82 ANIMALS AND THEIR NOURISHMENT.

_ are formed no more : in this case there can be
no return of the malady.

65. In the above mentioned cases the organ-
ism probably suffers from a morbid decomposition
of its parts, in consequence of the introduction of
some substance in a like state of decomposition ;
and if the vital force, whatever it be, should be
unequal to combating this inorganic movement,
a total dissolution of the organism must be the
result. Instances of this kind go far to prove
that the vital force, like other forces by which
matter is impelled, has its laws and its limits.
Growth, the first effort of the living organism
has its period: the resistance of other forces
here curbs the vital force.—A malignant virus
overpowers it by a more intense chemical action;
and death, the entire termination of its power,
seems little else than the gradual encroachment
of other forces on this, till the organism, step by
step, loses the power of assimilation; the pro-
cesses of respiration are impeded: and the fire °
goes out for want of fuel. Our stoves present
the type of our own frail life,
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CONCLUSION.

HEREis a peculiar characteristic of TRuTH,

whatever be its subject, that has seldom
been noticed as it deserves to be ;—namely, its
tendency to throw light on objects apparently
the most remote. So distinctive a character
indeed is this, that it would be almost a conclu-
sive argument against the truth of a theory, if it
could be shown that it had no bearing on any
science beyond the one to which it immediately
applies; and if this be a test of truth, few theories
have a larger claim to being received as such
than that of Professor Liebig. Without assum-
ing that it has yet, on all points, that experi-
mental proof, which alone can give a stable
foundation to any hypothesis, however probable
it may be rendered by argument; whoever
studies his works cannot hesitate in agreeing
with Dr. Gregory,* that if we “are only at the

® See his edition of Turner’s Elements of Chemistry.
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commencement of a period which promises to be
richer in valuable discoveries, and in applications
to the benefit of mankind than any which had
preceded it;” it is * he who has led the way in
those important investigations, the effect of
which, on the progress of discovery, will long
be felt.”

It is not alone on Agriculture, on Medicine;
or on Chemistry, in general, even, that this new
radiance has fallen : —there is scarcely a subject
connected with man’s existence on this globe,
which does not receive some elucidation from it ;
and many a long established error fades before
its light. Among these may be reckoned the
opinion, which at one time, it would have been
almost heresy to question, that the soul and the
life were identical. Whatever be the nature of
that power, which the learned professor has well
characterized, as a disturbing force, found only in
man: it is clear that it is perfectly distinct from
that life which the human being, in common
with the whole animal creation, shares with the
vegetable. And here the chemist steps in to
correct the ascetic and the enthusiast, by show-
ing him that the tendencies of vegetative life
neither can nor ought to be rooted out; though
it is in the power of the disturbing, or as we
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might better term it, the intellectual force, to
modify their manifestation sufficiently for all
the purposes of virtue and of happiness. Again,
what more satisfactory answer can be given to
the materialist, who would find the whole of
man in organized matter, than the proved ex-
istence of this disturbing force in the human
animal alone: a force by whose influence the phe-
nomena of animal and vegetative life are fre-
quently so palpably altered, as to compel the
acknowledgment that it is perfectly distinct from
the vital force which manifests itself in those
phenomena. The chemist has traced this latter
to its elements: he has accounted for the pro-
cesses of life, and the causes of death; but he
has seen in the course of his investigations that
another agency exists, and confesses that its
nature is inscrutable to him. The vital force
has its limits ;—to the intellectual we have not
yet been able to set any. It overcomes the
vital force, and produces death ;—we can trace
its action no further; but as the agent and the
patient must be different, it is at least a rational
inference that the agent does not itself share the
fate of the machine, which it has worn out by
too much use, or broken in a fit of ill humour.
Doubts have been entertained by some well-



86 CONCLUSION.,

meaning persons as to the use of scientific en-
quiry : it has been thought needless ; and some
have gone so far as to think it even hurtful ;—
filling us with a vain conceit of human learning,
and dangerous to faith, which onght, they say,
tobe taken from God’s revealed will only. Yet
if ever a doubt should arise in the mind as to
whether what purports to be God’s revealed
will, be really so—how are we to answer it ?—
It can only be by the most scrutinizing scientific
investigations that we can arrive at the certainty
that the Creator and the Lawgiver are the
same—that certainty once attained what doubt
can then annoy us ?—and that certainty is at-
tainable : for every step in true knowledge brings
us nearer to the FountaIN or ALL TruTH.
The chemist shows that the most probable order
of creation would be none other than that de-
livered down to us by the great Jewish legis-
lator:—the chemist has proved man’s dual life:—
the chemist has given us some of the best lessons
of the wisdom and the benevolence of the Crea-~
tor: for if the vastness of space, which the
astronomer has opened to us, be so crushing to
human intellect, as to make man,—the worm—
bow in the very dust before Him who measures
the heavens in the hollow of his hand,—no less
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does the almost infinite minuteness of the atoms
out of whose regulated movements so fair a
world has grown, impress the mind with the
Omnipotence of that Being whose influence
stretches to objects which we cannot even per-
ceive by any of our senses; and only become
cognizant of by reason—that image of God
within us.

It would be a curious, but too long, and as
yet too theoretical a research for the present
brief sketch, to trace the gradually simplifying
principles of science till they might haply be
discerned to merge in one*—to find in the uni-
verse a first and a second cause only. Every
discovery of modern science has tended more
and more to this point: and however wild our
grandfathers might have thought such a proposi-
tion, no philosopher now will wholly reject it.—
It has been seen in the course of the preceding
pages that life is but chemical change: and
chemical change is but the movement of ele-
mental atoms determined by a law of their na-
ture impressed on them from the beginning,
Sound is but the vibration of the air beating on

* V. Davy’s Elements of Chemical Philosophy, pp.
223, 488. .
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the tympanum of the ear: light the undulation
of a perhaps yet more subtle medium impressing
the optic nerve: magnetism is a movement of
electric origin : —electricity is intense and rapid
chemical change—and heat, so closely connected
with this latter in numerous phenomena, has by
some, perhaps with justice, been considered as a
vibration of the elemental atoms already men-
tioned. It may be long ere experimental proof
confirms what as yet can only be considered as
a not irrational hypothesis; but should such
proof finally be given, we may find at last that
Moses, when he wrote, “ God said Let there
be light, &c.” did not merely enunciate a sub-
lime idea, but recorded a great fact; little, if
at all, understood for nearly four thousand years,
but beginning now to loom upon us in the dis-
tance, in all its immensity. We have proof
from the phenomena attending the polarization
‘of light, that it is, as Huygens long ago asserted,
an undulatory movement. Liquids which remain
fluid in the dark, crystallize when exposed to
the light ;—for it gives the movement requisite
to the re-arrangement of their particles :—and
if our system, as is not unjustifiably conjectured
by some, were originally but a quantity of nebu-
lous matter, gradually solidified, we may as
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easily conceive the expanded mass crystallizing
into shape under the new influence of the undu-
lations of light, as the liquid in the vial which
we have taken from the cellar, and placed in
the window, doing the like. But how overwhelm-
ing to our finite intellect is the power and the
knowledge which, by one simple agent, and one
simple law, could regulate alike the production
of a world, or of a grain of salt! Would the
devout man ever again part with such an anchor
of faith as this, when once his understanding has
found its use ?—The events of this world may
look dark, but has not He, who from its very
foundation, so regulated all things by His first
fiat, that not an atom of that mass, in all its
countless changes, is ever lost, or ever useless—
so regulated also the moral order of His creation,
that “all things,” as the sacred text expresses
it, * work together for good to those that love
Him.”

It is in the enlarged views which science gives,
that we first learn duly to appreciate the Deity.
Eternity, infinity, omnipotence, are attributes so
astounding to human faculties, that we can only
arrive at the most moderate apprehension of
them by steps;—Jacob’s ladder must stand
upon the earth in order to reach to heaven.—
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What more worthy employment, then, can man
find for the faculties God has so richly bestowed
upon him, than the investigation of those hidden
forces which tell, in so plain a language, of the
Mighty Power which called them into action ?
Before such knowledge superstition necessarily
fades, like darkness before the sun, and more
worthy notions of the Deity, and of man’s busi-
ness upon earth, must necessarily be formed.
We may safely aver that no chemist and astro-
nomer of the present age could be an idolater.
Let us not then underrate the value of science :
let us not suppose that it is merely good for the
navigating of the ocean, or for giving impulse
to a steam engine, or permanence to a dye: all
this it ma); do, but it does much more—while it
improves our bodily comforts, it also elevates
the mind to a state of more spiritualized feeling ;
—teaches us to despise the low pleasures of
earth; and to strain forwards towards that higher
meed which is alone worthy the aspirations of a
human soul; and whilst shedding blessings
around us in this present world gently leads us
on to a better.

CHARLES WHITTINGHAM, CHISWICK.
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AN INQUIRY INTO THE PRINCIPLES OF HUMAN HAP-
PINESS AND HUMAN DUTY, by GrorckE Ramsay, B.M. Author of
an Essay on the Distribution of Wealth, &c. 8vo. 14s.

PRACTICAL DISCOURSES oN ALL THE PARTS AND OFFICES
OF THE LITURGY OF THE CHURCH OF ENGIAND, by the Rev.
Marrerw HoLe. New Edition, in 4 vols. 8vo. 2[. 2s.

TATHAM’S (REV. DR.) BAMPTON LECTURES ; The Chart
and Scale of Trath ; a New Edition, corrected from the Author'a own MSS.
with nl \Lemoir and Notes, by the Rev. E W. GRINFIELD, M.A. 2 vols.
8vo. 1

THE ACCORDANCE OF RELIGION WITH NATURE. By
ge l}et\;l J. H. L. Gaserr, M, A, formerly of Christ Church, Oxford. 8vo.
clo!

DR. NOLAN’S WARBURTONIAN LECTURES ON THE
CHRONOLOGICAL PROPHECIES. 8vo. cloth, 13s.

DR. NOLAN’S LETTERS on the Evangelical Character of Christi-
anity, 18mo. 4s. 6d. cloth.
¢ Decidedly one of the most v:lnlble books that hnve issned from the
press for some years; the pi is i d to check a widely
spreading bane, which is silent in its opention, and administered under the
specious pretence of superior holiness and evangelical sanctity.”—Christian
ancer.

NOTES ON THE FOUR GOSPELS, AND ACTS OF THE
APOSTLES, in one thick volume fscap 8vo, 16s., or with the *Illustra-
tions,” in 2 vols. 14 1s. )

ILLUSTRATIONS OF THE DOCTRINE, PRINCIPLE, AND
PRACTICE OF THE CHURCH OF ENGLAND:; fscap. 8vo. cloth 5s.
*,* This forms a Supplement to the ¢ Norzs oN THE FoUuR GosPELS.”

PHYSICAL THEORY OF ANOTHER LIFE, by the Author of
“ NaturaL HisTory o ENTHUSIASM.” Second Edltlon, facap 8vo. 6s.

DR. DONNE’S DEVOTIONS, with his Life by Izaax WaLToON.
Uniform with Herbert, fscap. 8vo. with frontispiece, Gs.
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OWEN FELLTHAM’S RESOLVES, DIVINE, MORAL, AND
POLITICAL, fscap. 8vo. cloth. 6s.

FULLER’S (THOMAS, Author of * The Church History,” &c.)
HOLY AND PROFANE STATE, fscap. 8vo. cloth, 6s.

FULLER’S HISTORY OF THE HOLY WAR, fcap. 8vo. cloth, 6s.

FULLER’S GOOD THOUGHTS IN BAD TIMES, GOOD
THOUGHTS IN WORSE TIMES, AND MIXT CONTEMPLATIONS
IN BETTER TIMES. To which is added, his Causk AND CURE OF a
WouNDED CONSCIENCE. A new edition, in fscap. 8vo. 6s.

BISHOP TAYLOR’S RULE AND EXERCISE OF HOLY
LIVING AND DYING. 2 vols. fscap. 8vo. 10s. A new Edition.

In 2 vols. fscap. Bvo. with Portrait, and View of Bemerton Church, price 10s.

THE WORKS OF GEORGE HERBERT. Now first collected.
TaE PoEus contain The Temple; (the Synagogue, by the Rev. Christopher
Harvey;) the Latin Poems of Herbert; and two Original Poems, never
before printed. With Notes by 8. T. COLERIDGE.

THE REMAINS contain The Priest to the Temple, Proverbs, and other Prose
Works, including many pieces never before printed, with his Life by Izaax
WALTON, and also that by his first biographer, BARNABAS OLEY.

THE LAWYER. His CHARACTER AND RuLE or HoLvy Lirfe;
after the manner of GRORGE HERBERT'S COUNTRY PARSON. By the late
Epwarp O’Brign. In foolscap 8vo. 6s.

THE WHOLE DUTY OF MAN. A New Edition, revised and
corrected, by the Rev. W. B. Hawkins. In foolscap 8vo. 6.
*.* This Edition ins an Introduction, endeavouring to throw some
light on the Author; with notices of the various learned persons to whom
the book has been attributed.

SIBBES’S SOUL’S CONFLICT; and BRUISED REED, to
which is added, “ A FoUNTAIN SEALED,” and a “ DEScRIPTION OF
CaRrisT.” New Editions, fscap 8vo. 5s. each.

The writings of Sibbes were much admired by Izaak Walton, who in his
last Will, says, I give to my son Dr. Sibbes’ Soul’s Conflict, and to my
daunghter, his Bruised Reed, desiring them to read and to become acquainted
with them. In another place Walton says :—

 Of this blest man let this just praise be given,
Heaven was in him, before he was in heaven.””

BISHOP ANDREWS’S PRIVATE DEVOTIONS, with his Ma-
NUAL for the Sick, translated from the Original Greek, by the Rev. Perer
Have. Pscap 8vo. with Portrait. New Edition, 5s.

BACON’S ESSAYS AND WISDOM OF THE ANCIENTS.
Edited by BasiL MoNTAGU. Fscap 8vo. 5s.

BACON’S ADVANCEMENT OF LEARNING, Edited by BasiL

MonTacu. Fscap 8vo. 5s.

THE NEW TESTAMENT, conformable to the Text of GRIESBACH,

by a LAYMAN, crown 8vo. 7s. 6d.
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Dedicated by Permission to the Queen.

MEMORIALS OF THE ORDER OF THE GARTER, from its
Foundation to the Present Time; with Biographical Notices of the Knights
in the Reign of Edward II1. and Richard 1l., by the late G. F. BeL1z,
K. H., Lancaster Herald, in royal 8vo.1{. 10s.

THE WORKS OF LORD BACON, Edited by BasiL MonTAGU,
. In 17 vols. 8vo. 8l. 18s. 6d.
e most complete edition extant; it contains translations as well as the
eriginal of the Latin Works, and is illustrated by Portraits, Views, and Fac-
similes, with a New Life of Lord Bacon by the Editor.

HISTORY OF ENGLISH RHYTHMS, from the Fifth tothe Four-
teenth Century. By EpwWIN GUEsT, esq. M.A. 2 vols. 8vo. 1/ 4s.

THE BIBLIOGRAPHER’S MANUAL; being an Account of up-
wards of Fifty Thousand Rare, Curious, and Useful Books, published in or
relating to Great Britain and Ireland, since the Invention of Printing, with
Bibliographical and Critical Notices, Collations, and the prices at which they
have been sold in the present centary. By WiLLiam THoMas LowNpss.
4 Vols. 8vo. 4l.5s. Large Paper, only fifty copies printed, 8l. 10s.

MALTHUS ON POLITICAL ECONOMY. Second edition, with
an Original Memoir, 8vo. 14s.

“ The two first chapters are entirely rewritten; and a dgre-t variety of fresh
matter is every where introduced. A most interesting addition to the present
volume is a Memoir of the Author by the Bishop of Chichester.”

inburgh Review, No. 130.

THE WORKS OF SIR THOMAS BROWNE, or NorwicH,
Author of “ Valgar Errors,” ¢ Religio Medici,” &c. Edited by SiMoN WiL-
KIN, Esq. In 4 vols. 8vo. 2l. 8s. Large Paper, 4. 4s.

VITAL DYNAMICS ; the Hunterian Oration before the Royal Col-
llg gfssurg.;m::d’. 14th February, 1840. By JoszrE HENRY GrEEN, Esq.
IO, 8VO. J8.

THE ANCESTRY OF HER MAJESTY QUEEN VICTORIA,
and of HIS ROYAL HIGHNESS PRINCE ALBERT, Comprised in
Thirty-two Tables with Biographical Memoirs and Heraldic Notices. By
GeorcE RussELL FrENCH, Architect. In crown 8vo. 10s. 6d. cloth.

FRAGMENTS OF ITALY AND THE RHINELAND, by the
Rev. T. H. WaiTe, M.A. In fscap 8vo. 7s. 6d.

ORIGINAL WORK BY JUNIUS. A Letter to an Honourable
Brigadier General, C der in Chief of His Majesty’s Forces in Canada,
1760. Edited by W. N. Simons, foolscap 8vo. 4s.

Fifih edition, foolscap 8vo. 5s.
SELECTIONS rroM THE WORKS OF TAYLOR, HOOKER, BARROW,
SoutH, LaTiMer, BROWNE, MiLTON, and BacoN, by BASIL MONTAGU, Esq.

ESSAYS AND SELECTIONS, by BasiL MoNTAGU, Esq. foolscap
8vo. 5s.
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POEMS AND PSALMS, by HENrY King, D.D. sometime Lord
Bishop of Chichester, Edited by Rev. J. HANNaH. Fscap. 8vo. 73. 6d.

A METRICAL VERSION OF THE BOOK OF PSALMS.
Composed for private Meditation or public Worship. By Francis Scur-’
RAY, B.D. 12mo. 5s.

THE SPIRITUAL CREATION; or SOUL’S NEW BIRTH.
A Poem in Seven Books. By Mrs. MARTYN RoBERTS. Fscap. 8vo. 5s.

POEMS, by HENRY H. METHUEN, Esq. B.A. Fscap. 8vo. 4s. 6d.

THE ABBOT OF MUCHELNAYE, SONNETS, and OTHER
Poexs. - By HENRY ALFORD. Foolscap 8vo. 4s. 6d.

SACRED HYMNS FROM THE GERMAN, with a Translation.
By Frances ELizaBeTB CoX. 18mo. 4s. 6d.

FAUST, A TRAGEDY. ByJ.W. GoeTHE. PartII, Translated
into English Verse. Foolscap 8vo. Gs.

THE DEFORMED, JESSY BELL, and OTHER Poems. By
Mary St. AuByN. In foolscap 8vo. 6s.

THREE POEMS :—I. ELEUSINIA, oR THE SoUL’S PROGREss. II.,
Nixrop, THE FIrsT Tyrant. III. SiBYLLA Axerica. By RicHaArD
TroTT FIsHER, late Fellow of Pembroke College, Cambridge. In 2 vols.
post 8vo. 16s. cloth.

A SONG OF FAITH, DEVOUT EXERCISES, AND SON-
NETS. By Sir AuBriy DE VERE, Bart. In foolscap 8vo. 7s.

THE WORKS OF GRAY, Edited by the REv. Joun MiTFoRrbp.
With the addition of his Correspondence with Mr. Chute and others, his
Journal kept at Rome, Criticism on the Statues, Sculptares, &c. Ritherto
unpublished. In 4 vols. fscap. 8vo. 11,

POEMS BY JOHN MOULTRIE, Author of ¢“ My Brother’s Grave.”
Second edition, with fronﬂa?{ece, fscap 8vo. 7s.
¢ A small volume of such decided I as to give the anthor at once
a distinguished station amongst the younger poets of the day.”—Quarterly
iew, No. 117.

THE DREAM OF LIFE, LAYS OF THE ENGLISH CHURCH,
and other Poems. By JounN MouLTRiE. Fscap. 8vo. 7s.

POEMS, LONGER AND SHORTER, by THomAs BURBIDGE, of
Trinity College, Cambridge, fscap 8vo. 7s. 6d.

CEPHALUS AND PROCRIS, and OTHER POEMS. Edited
by the DEAN oF ExXETER, fscap 8vo. 6s.

POEMS; ORIGINAL and TRANSLATED, by J. H. MEeRivare,
Esq. now first collected and in part first published, 2 vols. fscap. 8vo. 14s.
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SANDBACH’S (MRS. HENRY R.) POEMS, post 8vo. cloth, Ts.
¢ These Poems are worthy of a danghter of Mr. Roscoe.”—Gentleman’s Mag.

GIULIANO DE MEDICI. A Drama in Five Acts, with other
Poems. By Mrs. HEnNry R. SaNDBACH. In post 8vo. 9s.

THE POETICAL WORKS OF VINCENT BOURNE, Latin
and English. Edited by the REV. JoHN MITFORD, in fscap. 8vo. 5s.

THE MODERN DUNCIAD, VIRGIL IN LONDON, and other Poems,
by GeorGE DaNIEL. Foolscap 8vo. 7s. 6d.

CHAUCER’S CANTERBURY TALES, with an Essay on his Lan-.

nage and Versification, an Introductory Discourse, and Glossary, by THOMAS

%‘anm'rr. 5 vols. crown 8vo. with a Portrait, and an Engra of the
celebrated Pilgrimage, by STOTHARD, 2I. 12s. 6d.

SURREY AND WYATT’S POETICAL WORKS, with Original

Memoirs by S1r Harris Nicoras. 2 vols. crown 8vo. 18s.

DAVISON’S POETICAL RHAPSODY. Edited by Sir HARRIs

Nicoras. 2 vols. crown 8vo. 11, ls.

EARLY ENGLISH DRAMATISTS, Edited by the REV. ALEX-
ANDER DYCE, uniformly printed in crown 8vo. viz.
GREENE, 2 vols. 21s. PEELE, 3 vols. 1l.11s.6d. WEBSTER, 4 vols. 423.°
The third Vol. of PEELE may be had separate, price 10s. 6d.
“ We take the opportunity of exg{euing our very high opinion of the di-
ligence, skill, and judgment of the Rev. Alexander Dyce, whose editions of

Peele, Greene, and Webster, leave little to desire, and less to improve.”
Quarterly Review.

SPECIMENS OF THE EARLY POETRY OF FRANCE, from.
the Time of the Troubadours and Trouvéres to the Reign of Henri Quatre, by
Louisa STuART CosTELLO. Crown 8vo. 14. 1s.

SPECIMENS OF ENGLISH SONNETS, from the Earl of Surrey
to Wordsworth, by the Rev. ALRXANDER DYCE. 16mo. s, :
¢ Mr. Dyce’s beautiful selection—a book we recommend for the taste and
Jjudgment in the choice, and for the elegance of the typography.”
Gentleman’s Magazine.

THE VISION AND THE CREED OF PIERS PLOUGHMAN,
newly imprinted from a MS. in the Library of Trinity College, Cambridge.
g,‘diteﬁ, ;vith Notes and a Glossary, by THoMAS WRIGHT, Esq. 2 Vols, feap.

vo. 11. 1s.

SELECTION FROM THE EARLY BALLAD POETRY OF
ENGLAND AND SCOTLAND. Edited by RicBarp JorN Kine, B.A.
Exeter College, Oxford. Foolscap 8vo. 6s.

¢ Ye shall fynde enow, both grete and smale
Of Storiale thing that toucheth gentylnesse
And eke moralitie and holinesse.”— Chaucer.
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EARLY ENGLISH POETRY. Edited, with Prefaces and Notes,
by THoMAs WRIGHT. 4 vols. 16mo. half bound, morocco, 1.

C ining—I. The Tur of Tottenh The Feest, a Sequel to the
same Poem.—II. The Nutbrowne Maid.—III. The Tale of the Basin, and
that of the Frere and the Boy, two early Ballads of Magic.—IV. Songs and
Carols, from a MS. in the British Museum.

EARLY ENGLISH PROSE ROMANCES. Edited by W. J.
THoms. 3 vols. crown 8vo. 11. 10s.
*The * WAVERLEY NoOVELS’ of their day.”—Retrospective Review.

SHAKESPEARE'S PLAYS, in one pocket volume, beautifully
printed by Corrall, 14.1s. With 38 Engravings from designs by Stothard, &c.
2l. 2s. A Few Copies printed entirely on India Paper, 4l. 4s.

HOLBEIN’S ILLUSTRATIONS OF THE BIBLE: being Fac-
similes of the celebrated ‘Icones Historiarum Veteris Testamenti,” with 90
wood-cuts beantifully engraved. Crown 8vo. 1. 1s. A few copies printed
entirely on India paper, 2. 2s.

THE DANCE OF DEATH, exhibited in fifty-five elegant Engravings
on Wood, with a Dissertation on the several Representations of that Subject;
more particularly on those attribnted to MacaBer and HoLBEIN, by FRAN-
cis Douck, F. 8. A. 8vo. half-bound, morocco, 11. 1s.

DESCRIPTION OF ELY CATHEDRAL, by the REv. GEORGE
MiLLers. Third edition, royal 8vo. with eighteen fine plates, 11,
Large Paper, imperial 8vo. India proofs, 2I.

THE CYNOSURE, a Literary Album, by the Editor of the Carcanet,
18mo. cloth, gilt leaves, 5s. .
¢ A pretty little volnme, with a multitude of tastefal selections from some
two hundred authors, and a fit panion for the popular ¢ Carcanet.’ >’
—Literary Gazette.

CONVERSATIONS ON CHRONOLOGY BY A LADY, with
a Prefs:e b);. EpwaRD Jessk, Esq. Author of “ Gleanings in Nataral His-
tory,” &c. .

¢ An admirable little Book ¢ for children,’ as the title page has it, but by
no means amiss for persons of all ages.”’—Literary Gazelte.

|OUTLINE OF THE LAWS OF THOUGHT. Fscap. 8vo.'5¢.

MEMORIALS OF THE REBELLION OF 1569. By Sir Curh-
BERT SHARP, Bart. In 8vo. with plates and wood-cuts, 11. 1s.

RELIQUIZ ANTIQUXE. Scraps from ANCIENT MANUSCRIPTS,
illustrating chiefly Early English Literature, by THOMAS WRIGHT, and J. O.
HaLLiwerr, Esqrs. 2 vols. 8vo. 2.

THE HISTORY OF CHRIST’S HOSPITAL, from its Foundation
by Edward VI. With an Account of the Plan of Education and internal
Economy of the Institution, and Memoirs of Emi Blues; p ded by a
Narrative of the Rise, Progress, and Suppression of the Convent of the Grey
E{ia“ inl London, by the ilev. WiLLiax TROLLOPE, M. A. 4to. with ten

ates, 3[. 3s.
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THE HISTORY OF BANBURY, with Historical and Antiquarian
Notices, By ALFRED BEESLEY. 26 Platu 8vo. 14 5s.

LEWIS'S ACCOUNT OF KILPECK CHURCH. 28 Plates,
royal 4to. cloth, 2l. 2s. Large paper, imperial 4to. 3L 3s. ’

WORKS BY SIR HARRIS NICOLAS.

HISTORY OF THE ORDERS OF KNIGHTHOOD OF THE
BRITISH EMPIRE. 4 vols. Imperial 4to. 71. 17s. 6d. or with the Plates
keightened with Gold, 10l. 10s.

A TREATISE ON THE LAW OF ADULTERINE BASTARDY. 8vo. Il 1s.

REPORT OF THE L’ISLE PEERAGE CASE, 8vo. 1L 1s.

REPORT OF THE DEVON PEERAGE CASE, 8vo. 12s.

ROLL OF ARMS OF THE REIGN OF HENRY IIl. AND EDWARD IIIL.
8vo. 10s. 6d. 4to. 1L 1s.

OBSERVATIONS ON HISTORICAL LITERATURE, and Refatation of Pal-
grave, in 1 vol. 8vo. 12s. 6d.

BISHOP BECKINGTON’S JOURNAL, during his Embassy to negotiate a
marriage :;tween Henry V1.and a daughter of Count Armag; A.D.1442.
8vo. 10s. 6d.

HOUSEHOLD BOOKS, viz, The EARL of NORTHUMBER-
LAND’S, edited by the late BisHor PercY :—The PRIVY PURSE EX-
PENSES of ELIZABETH of YORK, QukeN of HeNrY VII. by Sir Har-
Ris NicoLas:—The PRIVY PURSE EXPENSES of HENRY VIII.
S1R Harris Nicoras:—The PRIVY PURSE EXPENSES of the PRI
CESS MARY, DAuGHTER of HeENRy VIII. afterwards QUEEN MaRrY, edited
by Sir FrREDERIC MADDEN.

*4* A very limited number of copies of these works are printed,
8vo. price 1i. ls. each.

FRANK HOWARD’S SCIENCE OF DRAWING, being a pro-
gressive Series of the Characteristic Forms of Nature.
Part I. TRegs. Part II. ANiMars. Part I11. TEE HuMaN FIGURE, each |
containing 16 plates, 4s. each.

THE LIFE OF SIR THOMAS MORE, by his Grandson CRESACRE
MoRE, edited by the Rev. JoSEPH Huu'rn 8vo. with a Portrait, 14s.

PHILOMORUS. A Brief Examination of the Latin Poems of Sir
THomAs MorE. By the Rev. J. H. MARsDEN. In foolscap 8vo. 3s. 6d.

BOOK OF THE GREAT SEA-DRAGONS, ICHTHYOSAURI AND
Prestosaurl. Extinct Monsters of the Ancient Earth, with thirty plates,
copied from the Author’s collections deposited in the British Museam, by
TBomas Hawkins, Esq. F.G.S. Imperial folio, 11. 10s.

THE LOST ANGEL, aAND THE HISTORY OF THE OLD ADAMITES,
found written on the Pillars of Seth, a Poem, by Tuomas Hawkins, Esq.;
4to, cloth, 6s. .

A CENTENARY OF SONNETS, addressed to HEr MosT GRA-'
cious lb‘{)u::rv, QuzeN Vicroria. By Tuoxas Hawxkins, Esq. Sqoare
12mo. 10s. 6d.

N
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PORTRAITS OF THE GAME AND WILD ANIMALS OF
SOUTHERN AFRICA, by CarraIiN CorNwaALLis HaRrRIS, drawn on
Stone by FRANK Howarp. Columbier folio, with tail pieces, 10i. 10s. or
Imperial folio, without the tail pieces, 5. 5.

WILD SPORTS OF SOUTHERN AFRICA, by CApTAIN HARRISs,
with 26 coloured Plates. Imperial 8vo. cloth, gilt leaves, 21. 2s.

ETRURIAN ANTIQUITIES.
HYPOGAZEI; OR, THE SEPULCHRAL CAVERNS OF TAR-
QUINIA, the Capital of Ancient Etruria. By the late Jamzs BYrEs, Esq.

nearly forty years Antiquarian resident at Rome, prior to 1790. Edited by
Frank Howarp. Five Parts, Columbier folio, 5L 5s.

MR. SHAW’S ILLUSTRATED PUBLICATIONS.

ILLUMINATED ORNAMENTS, selected from MSS. and early
“printed books of the Middle Ages, carefully coloured from the originals,
with Descriptions by Sir FREDERICK MADDEN. 4to. half-bound morocco,
5l. 5s. The same, highly finished with opaque colour, and heightened with
gold, imperial 4to. 10/. 10s.

SPECIMENS OF ANCIENT FURNITURE, drawn from existing
Authorities, with Descriptions by S Samuer. Ruse Meyrick, K. H.
LL. D. and F. S.A. 4to. printed on tinted paper, 2I.2s., or y coloured,
4to. half-bd. morocco, 4l. 4s., proofs on India paper, imperial 4to. 8l.8s., or
accorately coloured after the originals, imperial 4to. 10. 10s.

SPECIMENS OF THE DETAILS OF ELIZABETHAN ARCHI-
TECTURE, 4to. 3l. 3s. Imperial 4to. on India paper, 6l. Gs.

“ The great accuracy of Mr. Shaw’s pencil stamps the highest value upon
this work.”’—Gentl s Magasis pril 1, 1835.

ENCYCLOPZDIA OF ORNAMENT. 4to. 1..10s. Large Paper,

Imperial 4to. 3.

DRESSES AND DECORATIONS OF THE MIDDLE AGES,
from the Seventh to the Seventeenth centuries. 2 vols. Imperial 8vo. 71. 7s.

A few Coples printed on Large Paper, with the Plates more highly
finished, and heightened with gold, 182.

ALPHABETS,NUMERALS, AND DEVICES OF THE MIDDLE
AGES. PartsI. and II.

This Work is published in Monthly Numbers, each containing Four

Plates, Imperial 8vo. 2s. 6d.; or in Imperial 4to, the Plates more highly
finished and heightened with gold, 5s. each.

Jtalian Claggica.

BOJARDO ED ARIOSTO Orlande Innamorato e Furioso, with an

Introductory Essay, Original Memoir, Notes, and Illustrations in English, by
ANTONIO PANIzzI. 9 vols. crown 8vo. 5. 8s.

BOCCACCIO IL DECAMERONE, con un Discorso Critico, da
Ugo Foscolo. 3 vols. crown 8vo. 1L 11s. 6d. with Ten Engravings from De-
signs by Stothard, 2I. 12s. 6d. Large paper, with proof P%atu, 41. 14s. 6d.

*4* A very few copies printed entirely on India paper, 6l. 16s. 6d.

DISCORSO SUR LA DIVINA COMMEDIA DI DANTE, da
Uco FoscorLo. Crown 8vo. 12s. Large Paper, 18s.
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A SERIES OF MONUMENTAL BRASSES, from the Reign of |
Edward L to that of Elizabeth, with occasional Examples of l-ler date.
Drawn and Engraved by J. G. and L. A, B. WaLLzr. Parts L. to XIII. demy |
folio, 6s. Large paper, 8s. each Part.

WORKS BY THE LATE ISAAC PRESTON CORY, ESQ.

ANCIENT FRAGMENTS of the Phcenician, Chaldean, Egyptian, :
and other Writers, Greek and English, with an Introductory Dissertation, 8vo. |
second edition, 1/, 1s.

METAPHYSICALINQUIRY intothe Method, Objects, and Results, |
of Ancient and Modern Philosophy. 12mo. 5s. Od-

CHRONOLOGICAL INQUIRY INTO THE ANCIENT HIS- »
TORY OF EGYPT :—MYTHOLOGICAL INQUIRY into the Recondite |
Theology of the Heathens. Fscap. 8vo. 7s. 6d.

A PRACTICAL TREATISE ON ACCOUNTS : Mercantile, Pn- ;
vate, Solicitors, E: s, &c. S d Edition, 8vo. 9s. 6d.

TREATISE ON OFFICIAL ACCOUNTS, exhibiting the manner |
in which the method of Double Entry may be applied to the Accounts of |
Government. 8vo. 8s.

HIEROGLYPHICS OF HORAPOLLO NILOUS, Greek and
English, by A.T. Cory, Esq. 80 cuts and 4 Plates of Egyptiu Hieroglyphics,
post 8vo. cloth, 7s. 6d.

A MANUAL OF SCANDINAVIAN MYTHOLOGY containmg
a popular account of the two Eddas, and the religion of Odin, ill i
translations from Oéhlenschliger’s Danish Poem, the Gods of the North, hy
G. P1corT, Esq. Crown 8vo. 12s.

ESSAYS WRITTEN IN THE INTERVALS OF BUSINESS.
In foolscap 8vo. Third Edition, 5s.

“This is a wise and thoughtful little book: the production of a man of
sense and virtue.”— Fram

KING HENRY THE SECOND. An Historical Drama. By the
Author of  Essays written doring Intervals of Business.”” Pscap. 8vo. 6s.

THE TABLE TALKER; or, BRIEF ESSAYS ON SOCIETY
AND LITERATURE. Collected from. the * Table Talk” of the Morning
Post, and Revised by the Author. 2 vols. fscap. 8vo. 12s.

A TREATISE ON THE LEADING CAUSES OF PLEASURE
AND DELIGHT IN THE HUMAN MIND. By the Rev. C. F. War-
KINs. Post 8vo. Ss.
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ANGLO-SAXON AND ANGLO-NORMAN WORKS.

The ANGLO-SAXON POEMS of BEOWULF, the TRAVELLERS’ SONG,
and THE BATTLE of FINNES-BURH. Edited, with an Historical Pre-
face,by JouN M. KeusLE,Esq. M.A. of Trinity College, Cambridge, second
edition, foolscap 8vo. 15s.

BEOWULF, an English Translation, with a copious Glossary, by Jorn M.
KEeuMBLE, Esq. fscap. 8vo. 15s.

KING ALFRED’S ANGLO-SAXON VERSION of Boethius’s Consolation of
Philosophy, with an English Translation by CARDALE. 8vo. 1l. 3s. Large
paper, 2l. 2s.

KING ALFRED’S ANGLO-SAXON VERSION of the Metres of Boethius,
with an English Translation and Notes, by the Rev. S. Fox. 8vo. 12s.

KING ALFRED'S WILL, Saxon and English, with a Preface and Notes,
8vo. 5s.

MENOLOGIUM; or the Poetical Calendar of the Anglo-Saxons; with an En-
glish Translation and Notes, by the Rev. SamueL Fox. 8vo. 6s. Large
paper, 12s.

BRITANNIA SAXONICA; a Map of Britain during the Saxon Octarchy, by
G. W.CoLLEN, Esq. 4to. 12s.

RUDIMENTS of the ANGLO-SAXON TONGUE; by JoserB GwiLt, Esq.
F.S.A. 8vo. 6s.

MUSIC AND THE ANGLO-SAXONS: being some Account of the Anglo-
Saxon Orchestra. With Remarks on the Church Music of the Nineteenth
Century, by FrRancis DEiDERICH WACKERBARTH, A.B. In8vo. price 5s.

COUP D’(EIL sur la Progrés et sur I’état actuel de la Littératare Anglo-
Saxonne en Angleterre, par M. THo®as WricHT. Royal 8vo. 3s. 6d.

MICHEL, BIBLIOTHECA ANGLO-SAXONICA, containing an accurate
Catalogue of all Works published in Auglo-Saxon, with an Introductory
Letter, by J. M. KExsLk, Esq. (only 100 copies printed), royal 8vo. 15s.
Paris, 1837.

ELSTOB’S ANGLO-SAXON HOMILY, on St. Gregory’s Day, with an

. English Translation, a New Edition, 8vo. 6s.

CODEX EXONIENSIS. A Collection of Anglo-Saxon Poetry, from a MS.
in the Library of the Dean and Chapter of Exeter, with an English Trans-
lation and Notes, by BENJaMIN THORPE, F.8.A. Royal 8vo. 1I,

CZADMON’'S METRICAL PARAPHRASE OF PARTS OF THE HOLY
SCRIPTURES, in Anglo-Saxon; with an English Translation, Notes, and
a Verbal Index, by BENJaMIN THORPE, F.S.A." Royal 8vo. 1i. ls.

THE POETICAL ROMANCES OF TRISTAN, IN FRENCH, IN
ANcLo-NoRMAN, and in GRERk. Composed in the Twelfth and Thirteenth
Centuries. Edited by FRANCISQUR MICHEL. In 2 vols. fcap. 8vo. 11. 10s.

CHARLEMAGNE’S TRAVELS to CONSTANTINOPLE and JERU-
sALEM, a Norman-French Poem of the Twelfth Century, now first printed
from the original MS. in the British Museum, EpiTep by FrancisQus
MicHEL, foolscap 8vo. 10s. 6d.

CONQUEST OF IRELAND ; an early Anglo-Norman Metrical

: History of the Com‘gest of Ireland, from a MS. at Lambeth, edited by Fran-
c1sQUE MicHEL. Foolscap 8vo. 10s. 6d.

MAGNI ROTULI SCACCARII NORMANNIA SUB REGI-
BUS ANGLIA; opera THoM® STAPLETON. Vol. L. royal 8vo. 16s.

MASTER WACE HIS CHRONICLE OF THE NORMAN CON-
QUEST, FROM THE ROMAN DE ROU. By Ebvear_Tavror, Esq.
F.S.A. with wood-cuts from the Bayeux Tapestry, &c.; and a Map of Ancient
Normandy. 8vo. 1l. 8s.

THE PLATES SEPARATELY, accurately col d after the originals, 8vo.
only twenty-five copies printed, 11. 1s.

Pickering's Publications,




PICKERING’S DIAMOND CLASSICS, beautifully printed, the
smallest editions ever published.
GREEK.

Novum TESTAMENTUM GRECUM, with | type, cast expressly for this edi-
a beautiful frontispiece of Da Vin- tion.
ci’s Last Supper, engraved by Wor- | Homerr ILias BT OpYWSER, porivait,
thington, 48mo. 3s. 2 vols. 48mo. 9s.
The first specimen of a Greek A few copies taken off on Large
T t ted in di d Paper, 2 vols. 32mo. 12s.

LATIN.
HoraTius, 48mo. cloth boards, 4s. TERRENTIUS, 48mo. cloth boards, 4s.
Carturrus, TiBuLLUS, et PROPERTIUS, | CicERO DE Oryicnis, &c. 48mo. cloth
48mo. 4s. i boards, 4s.
ITALIAN.
DANTE, 2 vols. 48mo. 8s. l PETRARCA, 481n0. 48,
Tasso, 2 vols. 48mo. 8s.
ENGLISH.
SHAKESPEARE, with 38 Engravings | WaLTON and CoTTON'S COMPLETE AN-
after Stothard, &c. 9 vols. 48mo. GLER, with cwts, 48mo. 4s.
1L 10s. ‘WaLrtoN’s Lives or DoNng,WoTTON,
MiLToN’s ParADISE LosT, 48mo. 4s. Hookkr, HERBERT, and SaNDER-
SON, portraits, 48mo. 4s.

HOMERI ILIAS GRZAECE, Litera Digamma restituta ad metri
legis redegit et Notatione brevi illustravit, TRoMAs SHAW BRANDRETH. In
2 volumes 8vo. 1l. 1s. cloth.

LUCRETIUS, ex recensione et cum Notis Creech et Bentleii. 8vo. 12s.

JUVENAL ET PERSIUS, ex recensione et cum Notis Ruperti et
Kenig. 8vo. new edition, boards, 14s.

VIRGILII OPERA. Fscap. 8vo. uniform with the Aldine Poets, 6s.

THE ACHARNIANS, KNIGHTS AND BIRDS OF ARIS-
TOPHANES, translated from the Greek, 4to. 18s. '

JOHNSON AND WALKER'S DICTIONARY Combined, by
R. S. Jameson, Esq. fourth Edition, Svo. 12s.

A GUIDE TO THE STUDY OF HERALDRY, by James A,
Moc::;no‘u, fg:] of Magdalen College, Cambridge. In 4to. with sumerous
wood-cuts. .

MR. WILLEMENT'S HERALDIC WORKS.
REGAL HERALDRY. A4to. 2. 2s.
HERALDIC NOTICES OF CANTERBURY CATHEDRAL. 4to. 11.5s.
ROLL OF ARMS RICHARD II. 4to. 14s.

TEMPLE WINDOW. A coloured representation of the Principal Stained
Glass Window of the Temple Church, London. Executed by THoMAs
WiLLeMeNT, F.S.A. Large Folio, 1i. 1s.

THE TEMPLE CHURCH, an Account of its Restoration and Re-
pairs, by WiLLiAx Burax, Esq. 8vo. 3s. 6d.

177, Piccadilly.




PHILOSOPHICAL THEORIES AND PHILOSOPHICAL EX.
PERIENCE. By a Parian. Foolscap octavo, 3s.

THE CONNECTION BETWEEN PHYSIOLOGY and INTEL.
:I’..Eg;l‘UAL PHILOSOPHY. By Jomn Barrow, M.A. Cuts, facap 8vo.

ON MAN’S POWER OVER HIMSELF TO PREVENT OR
ECO&TROL INSANITY, by the Rev. Joun Barrow, M.A. Fascap. 8vo.

dQorkg nearly veady for Publication,

GRAY’S WORKS.

REMINISCENCES OF GRAY, by the Rev. NorToN NiICHOLS,
together with Gray’s Private Correspondence with Mr. Nichols, never be-
fore printed. Edited by the Rev. Joun MiTroRD.

KING ALFRED, a Poem, by Joun Fircaerr. Edited by RoBERT

Roscog, Esq. In 6 vols. 8vo.

ON THE MECHANICAL, CHEMICAL, AND PHYSIOLO:
GICAL AGENCIES OF CALORIC in the Operations of Nature and
Light, including its relations to Electricity, by S. L. METCALFE, M.D.

MARLOWE’S DRAMATIC WORKS. A New Edition. Edited

by the Rev. ALEXANDER DYCE.

CHAUCER'S CANTERBURY TALES, with Memoir by Sir
Harris Nicoras. 2 vols. fscap. 8vo.

CHURCHILL’S POEMS, with Memoirs and Notes by W. TookE,
Esq. 3 vols. fscap.8vo.

THE LAST DAYS OF FRANCIS THE FIRST, and other PoEwms.
By J. T. MorT, Esq. fscap. 8vo.

THE FUTURE STATES, their EviDENCES and NATURE, considered
on Principles Physical, Moral, and Scriptural ; with.the Design of showing
the Value of the Gospel Revelation. By the Rev. REGINALD CO®RTENaY,
M.A. Rector of Thornton Watlass, Yorkshire.

THE HISTORY OF THE ENGLISH BIBLE, from its Origin to
tll;e present Day. By the Rev. CHRIST. ANDERSON. 2 vols. 8vo, the
ress.










